Vegetative Propagation of Amaryllis (Amaryllis Gh Leopoldaeoides, Traub). by Yusof, Ibrahim Bin mohamad
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1972
Vegetative Propagation of Amaryllis (Amaryllis Gh
Leopoldaeoides, Traub).
Ibrahim Bin mohamad Yusof
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Yusof, Ibrahim Bin mohamad, "Vegetative Propagation of Amaryllis (Amaryllis Gh Leopoldaeoides, Traub)." (1972). LSU Historical
Dissertations and Theses. 2261.
https://digitalcommons.lsu.edu/gradschool_disstheses/2261
INFORMATION TO USERS
This dissertation was produced from a microfilm copy of the original document. 
While the most advanced technological means to photograph and reproduce this 
document have been used, the quality is heavily dependent upon the quality of 
the original submitted.
The following explanation o f techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the 
missing page(s) or section, they are spliced into the film  along with  
adjacent pages. This may have necessitated cutting thru an image and 
duplicating adjacent pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black 
mark, it is an indication that the photographer suspected that the  
copy may have moved during exposure and thus cause a blurred 
image. You will find a good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It  is customary to begin photoing at the 
upper left hand corner of a large sheet and to continue photoing from  
left to right in equal sections with a small overlap. If necessary, 
sectioning is continued again — beginning below the first row and 
continuing on until complete.
4. The majority of users indicate that the textual content is of greatest 
value, however, a somewhat higher quality reproduction could be 
made from "photographs" if essential to the understanding of the 
dissertation. Silver prints of "photographs" may be ordered at 
additional charge by writing the Order Department, giving the catalog 
number, title, author and specific pages you wish reproduced.
University Microfilms
A Xerox Education Company
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
72-28,396  
YUSOF, Ibrahim Bin Mohamad, 1939-
Vegeiative propagation of amaryllis
(AMARYLLIS GH LEOPOLDAEOIDES. TRAÜB).
The Louisiana S ta te  U n iversity  and A g ricu ltu ra l  
and Mechanical C o lleg e , Ph.D ., 1972 
A gricu ltu re , p la n t cu ltu re
University Microfilms, A XEROX Company, Ann Arbor, Michigan
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
VEGETATIVE PROPAGATION OF AMARYLLIS 
( amaryllis GH LEOPOLDAEOIDES, TRATJB)
A D is s e r ta t io n
Subm itted to  th e  Graduate F a c u lty  o f  th e  
L o u is ian a  S ta te  U n iv e rs i ty  and 
A g r ic u ltu ra l  and M echanical C ollege 
in  p a r t i a l  f u lf i l lm e n t  o f  th e  
requ irem en ts fo r  th e  degree o f  
D octor o f  P h ilosophy
The Department o f  H o r t ic u ltu re
by
Ib rahim  Bin Mohamad Yusof 
B .S ., U n iv e rs i ty  o f  F lo r id a , I 966 
M .S ., U n iv e rs i ty  o f  F lo r id a , I 969 
May, 1972
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
PLEASE NOTE:
Some pages may have 
in d is t in c t  p r in t .
F ilm ed  as re c e iv e d .
U n iv e r s i ty  M ic r o f i lm s ,  A Xerox E ducation  Company
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ACKNOWLEDGEMENT
The w r i te r  w ishes to  express h i s  g r a t i tu d e  and a p p re c ia t io n  
to  Dr. Edmund N. O’Rourke fo r  h is  a d v ic e , a s s i s ta n c e ,  and guidance in  
conducting  th i s  s tudy . He a ls o  whishes to  thank  the Ford Foundation 
and Dr. Donald W. Newsom fo r  a rra n g in g  f in a n c ia l  a s s is ta n c e .
G ra titu d e  i s  expressed  to  Dr. R ichard J .  S ta d th e r r ,
Dr. Leon C. S ta n d if e r ,  and Dr. W illiam  J .  Blackmon fo r  a s s is ta n c e  
in  th e  p rep a ra tio n  o f  t h i s  m an u sc rip t. A p p rec ia tio n  i s  f u r th e r  due 
to  Dr. B e a tric e  B. Exner fo r  se rv in g  on th e  a u th o r ’ s com m ittee.
S pec ia l a p p re c ia t io n  i s  extended to  Dr. Gordon E. Holcomb 
f o r  p ro v id in g  pho tograph ic  f a c i l i t i e s .
The w r i te r  a ls o  w ishes to  exp ress  sp e c ia l  a p p re c ia t io n  
to  h is  w ife , Mary, fo r  h e r  p a tie n c e  and encouragement d uring  t h i s  
s tu d y .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE OF CONTENTS
Page
ACKNOWLEDGEMENTS........................................................................................................... ü
LIST OF PLATES..............................................................................................................  v
LIST OF TABLES................................................................................................................v i i
ABSTRACT...........................................................................................................................v i i i
INTRODUCTION ...............................................................................................................  1
REVIEW OF LITERATURE.............................................................................................  ^
A m aryllis c u tta g e  p ro p ag a tio n  ..............................................................  ^
The o r ig in  o f  buds and b u l b l e t s .............................................................. 9
T issue c u ltu re  ..................................................................................................... ^2
Requirem ents fo r  t i s s u e  c u ltu re  .............................................................  ^3
N u tr i t io n a l  f a c to rs  .......................................................................................  ^5
Growth sub stan ces  ..................................................................... ^9
MATERIALS AND METHODS
P ro p ag atio n  in  sa tu ra te d  atm osphere
22
22
Comparison o f s a tu ra te d  atm osphere method w ith
s tan d ard  method of sc a le -s te m  f r a c t io n  p ro p ag atio n  . . .  23
E f fe c ts  o f  chem icals on s c a le -s te m  f ra c t io n s  propagated 
in  sa tu ra te d  atm osphere ...................................................................  23
H is to lo g ic a l  s tu d ie s  ..................................................................................... 25
T issu e  c u ltu r e  s tu d ie s  ................................................................................  26
E x c isio n  o f e x p l a n t .................................................................................26
C u ltu re  o f  t i s s u e s ..................................................................................... 26
M o d ifica tio n  o f a g a r-g e l  m e d iu m ...................................................... 27
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Page
RESULTS AND DISCUSSION .......................................................................................... 53
P ro p ag atio n  in  s a tu ra te d  atm osphere .................................................  33
Comparison of s a tu ra te d  atm osphere p ro p ag a tio n  w ith  
p ro p ag a tio n  in  sand and v e r m i c u l i t e .................................................  38
E ffe c ts  o f  growth r e g u la to r s  and a fu n g ic id e  on sc a le -s te m  
f ra c t io n s  propagated  in  s a tu ra te d  atm osphere ................................ ^3
H is to lo g ic a l  s tu d ie s  .....................................................................................  4$
Anatomy o f s c a le -s te m  f r a c t i o n s .................................................  49
B u ih ie t  fo rm ation  on sc a le -s te m  f ra c tio n s  ...........................  54
T issu e  c u ltu re  ................................................................................................... 63
SUMMARY AND CONCLUSIONS.....................................................................................  80
LITERATURE CITED.......................................................................................................  83
APPENDIX......................................................................................................................... 95
BIOGRAPHICAL SKETCH................................................................................................... 101
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF PLATES
PLATE Page
1. I l l u s t r a t i o n  to  d i s t in g u is h  th e  d i f f e re n c e  between bulb
s e c tio n s  and sca le -s te m  f ra c t io n s  o f  A m ary llis  ..................  $0
2. The f r u i t  j a r  used in  th e  s tu d ie s  o f  s a tu ra te d
atm osphere p ro p ag a tio n  o f A m aryllis  sc a le -s te m
f r a c t i o n .......................................................................................................  $1
3 . The d e s ic c a to r  j a r  used to  p ropagate  th e  sc a le -s te m
f ra c t io n s  fo r  h i s to lo g ic a l  s tu d ie s  .............................................  52
4. Cross s e c t io n  o f  a r a d ia l  s e c to r  o f th e  b a sa l p la te  o f
A m aryllis gh. leo p o ld a e o id e s , cv. 'Wedding B e l ls ' . . .  50
5- L o n g itu d in a l s e c t io n  o f the  sc a le  leav es  a x il  o f 
A m ary llis  gh. leo p o ld a e o id e s , cv. 'Wedding B e l ls ' 
showing th e  b a sa l m e r is te m ...............................................................  53
6. L o n g itu d in a l s e c t io n  o f th e  c u t s u rfa c e  o f th e  b a sa l
p la te  o f  th e  A m ary llis  gh. leo p o ld a e o id e s , cv . 'Wedding
B e l ls ' sc a le -s te m  f r a c t io n  showing th e  fo rm ation  o f
w a lls  d u rin g  th e  p ro cess  o f  wound h e a lin g  ......................  55
J.  L o n g itu d in a l s e c t io n  o f th e  a x i l  o f  th e  sc a le  leav es  o f 
th e  A m ary llis  gh. leo p o ld a e o id e s , cv . 'Wedding B e l ls ' 
s c a le -s te m  f r a c t io n  showing th e  epiderm al c e l l s  
beg inn ing  to  d i v i d e ............................................................................  56
8 . L o n g itu d in a l s e c t io n  o f th e  a x il  o f  th e  sc a le  leav es  o f
th e  A m ary llis  gh. leo p o ld a e o id e s , cv. 'Wedding B e l ls ' 
sc a le -s te m  f r a c tio n  showing th e  epiderm al and sub- 
ep iderm al c e l l s  becoming m e r i s t e m a t i c ....................................  58
9 . L o n g itu d in a l s e c tio n  o f th e  b u lb le t  primordium a t  the
a x i l  o f  the  s c a le  leav es  o f  th e  A m ary llis  gh
leo p o ld a e o id e s , cv. 'Wedding B e l ls ' sc a le -s te m
f r a c t i o n .......................................................................................................  59
10. L o n g itu d in a l s e c tio n  o f th e  b u lb le t  on th e  A m aryllis  gh.
le o p o ld a e o id e s , cv. 'Wedding B e l ls ' s c a le -s te m  f r a c tio n  
a f t e r  t h i r t y - s i x  d a y s ........................................................................ 6 l
11. L o n g itu d in a l s e c tio n  o f th e  b u lb le t  showing procambium
and procam bial s t r a n d s ........................................................................ 62
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Page
12. L o n g itu d in a l s e c tio n  o f a f iv e  month o ld  b u lb le t  . . . .  64
15 . E xp lan ts o f  A m ary llis  gh. leo p o ld a e o id e s , cv. 'Wedding 
B ells*  t h a t  rem ained a l iv e  i n  R e in e rt and M ohr's 
medium a f t e r  two months o f  growth in  12- hour 
p h o toperiods  .............................................................................................. 68
l4 .  Growth o f  ex p lan ts  o f  A m aryllis gh. leo p o ld a e o id e s , cv.
'Wedding B e l ls ' on th e  c o n tro l  (b a s a l)  medium a f t e r  two 
months in  12-hour p h o to p erio d s  ......................................................
15 . Growth o f ex p lan ts  o f  A m aryllis gh. leo p o ld a e o id e s , cv.
'Wedding B e l ls ' on m odified L insm aier and Skoog medium 
number 3 a f t e r  two months in  12-hour p h o toperiods . . .  t4
16 . Growth o f  e x p ia n ts  o f  A m ary llis  gh. leo p o ld a e o id e s , cv.
'Wedding B e l ls ' on m odified  L insm aier and Skoog medium 
number 6 a f t e r  two months in  12- hour pho to p erio d s  . . .  75
17 . E x p lan ts o f  A m aryllis gh. leo p o ld a e o id e s , cv. 'Wedding
B ells*  grown on L insm aier and Skoog's m odified medium
number 4 a f t e r  two months o f  d a r k n e s s ..................................... j 6
18 . Comparison o f th e  growth o f ex p lan ts  o f  A m aryllis gh.
leo p o ld a e o id e s , cv. "Wedding B e l ls ' on L insm aier and 
Skoog*s m odified  medium number 4 , kep t under 12-hour 
pho toperiod  and continuous darkness fo r  two months . . .  77
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF TABLES
E ffe c ts  o f  Two L ig h t Regimes on A m aryllis  gh. 
le o p o ld a e o id e s , cv. 'Wedding B e l ls ' S cale-stem  
F ra c tio n s  P ropagated  in  S a tu ra ted  Atmosphere .
Page
Response o f  A m aryllis  gh. le o p o ld a e o id e s , cv. 'Wedding 
B e l ls ' S ea le -s tem  F ra c tio n s  Propagated  in  S a tu ra ted  
Atmosphere Under Two L ig h t Regimes ........................................
P e rcen tag e  o f  A m ary llis  gh. le o p o ld a e o id e s , cv. 'Wedding 
B e l ls ' S ca le -s tem  F ra c tio n s  w ith  B u lb le ts  When 
Propagated  in  S a tu ra ted  Atmosphere, Sand and V erm icu lite  59
P ercen tag e  o f  A m ary llis  gh. le o p o ld a e o id e s , cv. 'Wedding 
B e l ls ' S ca le -s tem  F ra c tio n s  w ith  Roots When P ropagated 
in  S a tu ra ted  Atm osphere, Sand and V e r m i c u l i t e ........................40
The Occurrence o f  Decay When A m ary llis  gh. leo p o ld a e o id e s , 
cv . 'Wedding B e l ls ' S ca le -s tem  F ra c tio n s  Propagated in  
S a tu ra ted  Atm osphere, Sand and V e r m ic u l i t e ................................ 4 l
The E f fe c ts  o f  Growth R eg u la to rs  and a Fungicide on the  
Form ation o f  B u lb le ts  on A m ary llis  gh. leo p o ld a e o id e s , 
cv . 'Wedding B e l ls ' S ca le -s tem  F ra c tio n  Propagated in  
S a tu ra ted  Atmosphere ............................................................................ 44
E ffe c ts  o f  Growth R eg u la to rs  and a Fungicide on Root 
Form ation o f  A m aryllis  gh. leo p o ld a e o id e s , cv. 'Wedding 
B e l ls ' S ca le -s tem  F ra c tio n s  Propagated  in  S a tu ra ted  
Atmosphere ..................................................................................................
The P e rcen tag es  o f  S ca le -s tem  F ra c tio n s  th a t  Decayed When 
Propagated  in  S a tu ra ted  Atmosphere Follow ing Treatm ent 
w ith  S ev e ra l Growth R eg u la to rs  and a Fungicide . . .
V isua l R atings o f  th e  Growth o f  E xplants o f  A m aryllis  gh 
le o p o ld a e o id e s , cv. 'Wedding B e l ls ' in  Five D if fe re n t  
Media on 12-Hour P h o toperiods .................................................
V isua l R atings o f  th e  Growth o f  E xp lan ts of A m aryllis  gh 
leo p o ld a e o id e s , cv. 'Wedding B e l ls ' A fte r  One Month o f 
C u ltu re  on Nine M o d ifica tio n s  o f  L insm aier and Skoog's 
Medium in  Two L ig h t Regimes . . '.............................................
V isu a l R atings o f  th e  Growth o f  Exp lan ts o f A m ary llis  gh 
le o p o ld a e o id e s , cv. 'Wedding B e l ls ' A f te r  Two Months of 
C u ltu re  on Nine M o d ifica tio n s  o f  L insm aier and Skoog's 
Mediimi in  Two L ig h t R e g i m e s ......................................................
4t
TO
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ABSTRACT
A m aryllis gh. leo p o ld aeo id es  Traub, cv . ’Wedding B e l ls ' bulb 
p iec e s  desig n a ted  as sc a le -s te m  f r a c t io n s ,  each c o n s is t in g  o f a r a d ia l  
s e c t io n s  o f  th e  p l a t e  and p o r tio n s  o f  two s c a le  le a v e s , were 
p ropagated  in  a s a tu ra te d  atm osphere. The f r a c t io n s ,  0 .6  cen tim e te rs  
th ic k  in  th e  o u te r  su rfa c e , were supported  on hardware c lo th  in s id e  
c lo sed  o n e -q u a rt f r u i t  j a r s ,  w ith  about th re e  cen tim e te rs  o f w ater 
a t  th e  bottom . Response was noted over a p e rio d  o f e ig h t weeks.
Under 12-hour pho toperiods w ith  a l ig h t  i n te n s i t y  o f  3OO-35O 
fo o t-c a n d le s  provided  by b o th  cool w hite  and ’Gro-Lux’ f lu o re sc e n t  
tu b e s , b u lb le ts  began to  form a f t e r  th re e  weeks. The maximum mean 
percen tag e  o f f ra c t io n s  w ith  b u lb le ts  was $ 1 .7 , which was a tta in e d  
by th e  f i f t h  week. Keeping th e  f r u i t  j a r s  in  th e  dark  delayed th e  
fo rm ation  o f  b u lb le ts  by fo u r weeks and s ig n i f ic a n t ly  in creased
The form ation  o f  ro o ts  by th e  f ra c t io n s  follow ed the  
same p a t te rn  as t h a t  o f th e  b u lb le t s ,  bu t a t  a s ig n i f ic a n t ly  
lower r a t e .  The maximum mean p e rcen tag e  produced under 12-hour 
p h o to p erio d s  was 21 .7  per c en t and ro o t p ro d u ctio n  in  th e  dark was 
n e g lig ib le .
F ra c tio n s  propagated  in  th e  f r u i t  j a r s  produced both 
b u lb le ts  and ro o ts  f a s t e r  th an  th o se  propagated  in  v e rm ic u li te .
No d i f fe re n c e s  in  th e  tim es o f  ro o t o r  b u lb le t  form ation  between 
f r a c t io n s  propagated  in  sand or in  a s a tu ra te d  atm osphere were 
n o ted . However, f ra c t io n s  in  sa tu ra te d  atm osphere produced the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
maximum number o f  b u lb le ts  f a s t e r  th an  th o se  i n  sand, bu t th e re  was 
no s ig n i f ic a n t  d if f e re n c e  between th e  maximum mean p ercen tag es  
produced by th e  two m ethods.
T rea tin g  th e  f r a c t io n s  propagated  in  th e  s a tu ra te d  
atm osphere w ith  80 mg/1 lAA, 80 mg/1 k in e t in  20 mg/1 g ib b e r e l l i c  
a c id , 250 mg/1 E th re l ,  1.55 m l/1 M orsodren, and com binations o f 
Morsodren and lAA, and lAA and k in e t in  d id not s ig n i f ic a n t ly  in c re a se  
th e  p e rcen tag es  o f  ro o ted  f ra c t io n s  o r  f ra c t io n s  w ith  b u lb le t s .  The 
fu n g ic id e , M orsodren, was to x ic  to  th e  f ra c t io n s  and g ib b e r e l l i c  
a c id  in h ib i te d  ro o t  and b u lb le t  fo rm ation .
H is to lo g ic a l  s tu d ie s  were made o f th e  o r ig in  o f  b u lb le ts  
on th e  f ra c t io n s  propagated  in  s a tu ra te d  atm osphere. The e x is te n ce  
o f  b a sa l  m eristem  a t  th e  a x i l  o f  th e  s c a le  lea v e s  was e s ta b lis h e d . 
I n i t i a t i o n  o f a c t i v i t y  o f  t h i s  m eristem  began on th e  epiderm al la y e r  
in  c lo se  p ro x im ity  to  th e  in ju re d  s u rfa c e , and spread  to  th e  sub- 
epiderm al la y e rs  b u t was never observed in  th e  c o rte x  o f th e  b asa l 
p l a t e .  This m eris te m a tic  a c t i v i t y  led  to  th e  form ation  o f  the 
b u lb le t  prim ordium . Development o f th e  b u lb le t  primordium followed 
th e  normal development p a t te rn  of m onocotyledonous a p ic a l  m eristem s. 
The v a s c u la r  system  o f  th e  b u lb le t  was connected to  th a t  o f  the  
b a sa l  p la te  by th e  d i f f e r e n t io n  of th e  parenchyma c e l l s  ly in g  
between th e  two. E a r ly  ro o ts  were formed on th e  b a sa l p l a t e  p o r tio n  
o f  th e  f r a c t io n  and not on th e  b u lb le t s .  At th e  end o f  f iv e  months 
th e  b u lb le ts  had t h e i r  own b a s a l  p l a t e s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ive  media were t r i e d  in  t i s s u e  c u ltu re  s tu d ie s .  An 
a g a r-g e l medium d escrib ed  by L insm aier and Skoog produced th e  b e s t  
r e s u l t s .  E xplants on th i s  medium produced both  c a l lu s  and p l a n t l e t s .  
A la rg e  number o f  v igo ro u s r o o ts ,  b u t none o r few b u lb le t s ,  were 
formed when ex p lan ts  were c u ltu re d  on a medium c o n ta in in g  L insm aier 
and Skoog’ s in o rg an ic  s a l t  s o lu t io n  p lu s  0 .2  mg/1 k in e t in ,  100 mg/1 
m y o -in so ito l, 0 .4  mg/1 th iam in e , and I 5 mg/1 lAA, and c u ltu re d  in  
th e  dark . In c re a s in g  th e  lAA to  $0 mg/1 reduced ro o t  growth. Under 
a 12-hour pho toperiod  a t  a l ig h t  i n te n s i t y  o f 75O-85O fo o t-c a n d le s , 
ex p lan ts  grown on th e  same two media produced o n ly  a th in  la y e r  o f
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INTRODUCTION
The commercial a m a ry llis  (A m ary llis  gh. leo p o ld a e o id e s , 
Traub) i s  a l a r g e - flow ered bulbous p la n t  o f  u n c e r ta in  o r ig in ,  b u t 
p ro b ab ly  d e riv e d  from a pool o f  some f iv e  p a re n t sp ec ie s  ( 108) .
Many d e s ir a b le  c u l t i v e r s do no t r e a d i ly  produce o f f - s e t s ,  o r  daughter 
b u lb s , and such c u l t i v a r s  a re  consequen tly  more c o s t ly  to  th e  u l tim a te  
p u rch a se r. Seeds may be produced in  p ro fu s io n , and many e x c e lle n t  
specim ens may be s e le c te d  from seed-prcduced p o p u la tio n s , bu t th e  
h igh  degree o f  h e te ro z y g o s ity  p rec lu d es  p ro p ag a tio n  by seed as a 
method o f in c re a se  fo r  commercial p ro d u ctio n  o f d e s ire d  v a r i e t i e s .  
P ro d u ctio n  o f  c lones i s  c h ie f ly  by o f f - s e t s ,  but commercial growers 
must use  a form o f c u tta g e  to  propagate  c u l t iv a r s  th a t  do no t produce 
many o f f - s e t s ,  and th e  in c re a se  o f s e le c tio n s  from seed lin g  
p o p u la tio n s  i s  dependent upon a cu tta g e  method o f p ro p ag a tio n .
Bulb c u tta g e  i s  not new to  h o r t i c u l t u r i s t s ,  and i t s  
a p p lic a t io n  to  a m a ry llis  may be tra c e d  in  p u b lished  accounts back 
to  1926  (5T)- At b e s t  th e  method i s  c o s t ly  and i s  tim e-consum ing, 
re q u ir in g  some th re e  y ea rs  fo r  th e  p ro d u ctio n  o f com m ercially 
s a la b le  bulbs from c u t bu lb  p ie c e s . P ro fe s s io n a l  growers r e s o r t  to  
i t  r e lu c ta n t ly ,  and am ateur growers w ith  g re a t  m isg iv in g s , s in c e  th e  
lo s s  o f  cu t bu lbs due to  th e  a c tio n  o f decay organism s, c h ie f ly  
fu n g i,  has r e s u l te d  in  th e  co n ç le te  lo ss  o f  some e x c e lle n t  s e le c t io n s .  
Amateurs u s u a lly  do no t a ttem p t bulb  c u tta g e  w ith  s e le c tio n s  u n t i l  
th ey  have more than  one b u lb , and th e  p ro d u ctio n  o f an o f f - s e t  may 
tak e  y ea rs  o r never occur n a tu r a l ly .
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Bulb-growing technology has been developed in te n s iv e ly  
in  H olland , and c u tta g e  i s  p ra c tic e d  on a la rg e  s c a le  by growers 
th e re . D e ta ils  o f  tre a tm e n t a re  je a lo u s ly  guarded as tra d e  s e c r e ts .
An in v e s t ig a t io n  o f th e  b a s ic  c u tta g e  tech n iq u e , known 
as f r a c t io n a l  s c a le -s te m  d iv is io n ,  could r e s u l t  in  th e  development 
o f a method o f tre a tm e n t th a t  i s  dependable enough to  p rov ide  even 
am ateurs w ith  a means o f  in c re a s in g  d e s ir a b le  new s e le c t io n s .  A 
saving  of tim e o r a h ig h e r  percen tage  o f b u lb le ts  produced by bulb 
f ra c t io n s  would be o f economic im portance to  commercial grow ers.
B u lb le ts  produced from f ra c t io n s  o f c u t  bu lbs u su a lly  
form a t  th e  a x i l s  o f s c a le  leav es  and stem s, b u t s tu d ie s  o f  th e  
o r ig in  of the  new b u lb le ts  have n o t been p u b lish e d . This b a s ic  
in fo rm a tio n  may a s s i s t  in  an und ers tan d in g  o f th e  p ro cesses  involved  
in  th e  p ro d u ctio n  o f new b u lb le ts  from bulb  f r a c t io n s .
A sep tic  c u ltu re  o f p la n t  p a r t s ,  n o tab ly  a p ic a l  m eristem s, 
has been employed in  r e c e n t  y ea rs  to  prov ide  a means fo r  rap id  
in c re a se  o f some p la n t  c lo n es , w ith g re a t  va lue  fo r  both commercial 
growers and t h e i r  u l tim a te  custom ers. A s e p tic  c u ltu re  o f a m a ry llis  
has n o t been rep o r ted  p rev io u s ly , a lthough some c lo s e ly  r e la te d  
'p la n ts  in  Amary1lid a c e ae  such as N arc issu s  and Hyacinth ( 96) 
have been propagated  su c c e s s fu lly  by th is  method. The use o f  such 
tech n iq u es  would be a g re a t  boon to  commercial a m a ry llis  growers 
and u l t im a te ly  to  the  pu rch ase r o f b u lb s, s in c e  th e  c o s t  could be 
reduced and more c u l t iv a r s  made a v a ila b le ,  s in ce  growers could
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then  o f f e r  c u l t iv a r s  th a t  now a re  too  c o s t ly  to  p ro p ag ate . An 
in v e s t ig a t io n  of tech n iq u es  used in  t i s s u e  c u ltu r e ,  p a r t i c u l a r ly  
w ith  a m a ry llid s , th e re fo re  seemed d e s ir a b le .
A m aryllis a re  a tta c k ed  and weakened by a t  l e a s t  two v iru s  
d ise a s e s ,  am a ry llis  mosaic v iru s  and tomato sp o tte d  w i l t  
v i ru s  ( 108) .  I n  the  U nited  S ta te s  a number o f commercial a ttem p ts  
a t  la rg e -s c a le  a m a ry llis  c u ltu re  have f a i l e d  because o f in fe c tio n  
o f  th e  s to ck  by m osaic v i ru s e s .  The main source o f am a ry llis  i s  
H olland , where bu lbs a re  la rg e ly  grown in  greenhouses and v iru se s  
a re  c o n tro l le d  by s a n i ta t io n  and c a re fu l  rogueing .
R ather re c e n t  work had dem onstrated  th a t  c lo n es  o f 
N a rc is s u s , l ik e  a number o f  o th e r  p la n t s ,  may be fre e d  o f v iru s  
e n t i t i e s  in c lu d in g  Cucumber Mosaic V irus by t ip  m eristem  c u ltu re  
fo llow ing  a m oderate h e a t t re a tm e n t. I f  t h i s  method could be adapted 
fo r  a m a ry ll is ,  growers would be b e n e f i tte d  g re a t ly .  An in v e s t ig a t io n  
o f p rese n t t i s s u e  c u ltu re  techn iques on r e l a te d  p la n ts  i s  needed to  
develop su c c e ss fu l a p ic a l  m eristem  c u ltu re  o f  a m a ry ll is .
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REVIEW OF LITERATÜEE
A m ary llis  c u tta g e  p ro p ag a tio n .
A m ary llis  norm ally  reproduce v e g e ta t iv e ly  by means o f 
o f f - s e t s  which a re  b u lb le ts  d e riv ed  from th e  b a sa l p o r tio n  o f th e  
m other bulb  (1 0 8 ). O f f -s e ts  have been used by some a m a ry llis  growers 
as p la n tin g  m a te r ia l  and c u l tu r a l  p r a c t ic e s  have been d escrib ed  by 
th e  U.S.D.A. Bureau o f P la n t In d u s try  (7 ) .  Recommendations su g g est 
t h a t  o f f - s e t s  be f irm ly  p o tte d  in  a m ix tu re  o f th re e  p a r ts  f r i a b le  
loam and one p a r t  w e l l- r o t te d  cow manure w ith  a good sp rin k lin g  of 
sharp  sand. Im m aciately  a f t e r  p o t t in g ,  s u f f i c i e n t  w ater should be 
a p p lie d  to  s a tu r a te  a l l  th e  s o i l  in  th e  p o t. A f te r  t h i s ,  w ater 
should be w ith h eld  u n t i l  th e  ro o t system  i s  developed and e s ta b l is h e d .  
The p o t co n ta in in g  th e  o f f - s e t s  should be p laced  in  l ig h t  and th e  
tem pera tu re  m ain tain ed  between 10° and 1 $ .6°C.
As a r e s u l t  o f  g re a t  v a r i a b i l i t y  in  the  number o f o f f - s e ts  
produced by a m a ry llis  sp e c ie s  and h y b rid  c lones o f f - s e t s  cannot 
always be used as a dependable means o f v e g e ta t iv e  p ro p ag a tio n . Some 
s p e c ie s ,  such as A m ary llis  s t r i a t a , produce o f f - s e t s  in  very  la rg e  
numbers w hile  o th e rs  r a r e ly ,  i f  e v e r, produce any (1 0 8 ), More 
dependable methods o f v e g e ta t iv e  p ro p ag a tio n  have been sought.
buyten (57) rep o r ted  su c c e ss fu l p ro p ag a tio n  o f hybrid  
a m a ry ll is  by p lac in g  bu lb  sc a le s  in  m oist sand a t  26.J°C.  Luyten 
c a l le d  t h i s  techn ique  th e  ' scooping ' method because i t  involved  a 
scooping o p e ra tio n  to  remove th e  b a s a l  p la te  o f th e  b u lb . The 
bulb was c u t in  h a l f  leng thw ise p a r a l le l  to  the  su rfa c e  of th e  f o l i a r
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lea v e s . The s c a le s  were then  se p a ra te d  and p laced  a t  a s l i g h t  
ang le  w ith  hollow  s id e  down in  m o is t sand. B u lb le ts  began to  appear 
a t  the  bases o f  s c a le s  in  about two months and were ready fo r  h a rv e s t 
in  th re e  months.
There a re  o th e r  accounts concern ing  s c a le  p rop ag atio n  o f 
am a ry llis  (5, $ l ) . However, most were rep o r ted  o b se rv a tio n s  of 
am a ry llis  e n th u s ia s ts ,  which were no t based on c a re f u lly  defined  
experim ents, A m o d ific a tio n  of th e  scooping method was rep o rted  
( 5 ) in  which th e  b a sa l p l a t e  was scooped to  a depth  o f about one and 
a h a l f  inches u sing  a sharp-edged spoon. With th e  b a s a l  ho le  as a 
c e n te r ,  the  bulb  was q u a rte re d  from th e  bottom  to  a depth o f about 
o n e - th ird  of th e  bu lb . The r e s u l t in g  fo u r s e c tio n s  were s im ila r ly  
d iv id ed  so th a t  s ix te e n  in c is io n s  were made. F u n g ic id e - tre e te d  
wedges were used to  keep the  c u ts  open. A f te r  wedging, the  bulb was 
dusted  w ith  copper s u l f a te  powder and was p laced  in  c lean  r iv e r
Klotzbach ( 5 I) rep o r ted  a method in v o lv in g  hydroponic 
c u ltu re .  The b a sa l p la te  o f  the  bulb  was s l i c e d  o f f  j u s t  below th e  
s c a le s ,  and th e  base was t re a te d  w ith  ' R o o to n e ', a commercial 
p rep a ra tio n  co n ta in in g  naph thy l acetam ide as i t s  a c tiv e  in g re d ie n t .  
The bulb was kep t in  th e  shade, and a f t e r  s ix ty  days b u lb le ts  were 
e v id e n t around th e  bottom of th e  b u lb . Hie m other bulb  was s e t  
in  a g rav e l hydroponic bed and was fed  r e g u la r ly  w ith  a standard  
n u t r ie n t  s o lu t io n . In  e ig h t  m onths, th e  b u lb le ts  were ready to  be 
l i f t e d .
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The c u tta g e  method adopted in  Holland and the  U nited 
S ta te s  i s  th e  f r a c t io n a l  s c a le -s te m  method (29 , 108). In  h i s  i n i t i a l  
v e rs io n  o f t h i s  method, Traub (1 0 $ ,1(*) com plete ly  q u a rte red  th e  
bulb  v e r t i c a l l y  and p lan ted  th e  f r a c t io n s  in  po ts  c o n ta in in g  sandy 
loam. At th e  end o f  th re e  months, f o r ty - th r e e  new bulbs were ob tain ed  
from the  o r ig in a l  ten  th a t  were q u a rte re d .
Heaton (jO ) c u t the  bulb  f i r s t  in to  s ix te e n  v e r t i c a l  s e c tio n s  
and from each s e c t io n  th re e  two-and th re e - la y e r  p ieces  were made. In  
a l l ,  f o r ty -e ig h t  p iec e s  were o b tain ed  from each bu lb . Each of th e  
p iec e s  had a p o r tio n  o f th e  b a s a l  p la te  a tta c h ed  to  i t .  The p ieces  
were p laced  in  rows in  a m ix tu re  o f sand and p e a t.  B u lb le ts  were 
formed a t  th e  base o f the  s c a le s  a f t e r  s ix  weeks. A more thorough 
e v a lu a tio n  o f  th is  method was made by Traub (105), who concluded th e  
method was a su ccess .
Traub (108) l a t e r  used the  term  ' sca le -s te m  f r a c t io n s ' to  
d e sc r ib e  th e  bulb p iec e s  which a re  used in  the cu tta g e  p ropagation  
o f a m a ry ll is .  These segments c o n s is t  o f  p o r tio n s  o f two sc a le  leaves 
and a p o r tio n  o f th e  b a sa l p l a t e .  This term  w i l l  be used throughout 
t h i s  work.
S ev era l f a c to r s ,  such as th e  tim e o f yea r (58 , I 96, 107), 
have been re p o r te d  to  in flu e n ce  th e  success  of the  f r a c t io n a l  s c a le -  
stem method. R eports vary  as to  th e  b e s t  tim e. Hayward (29 ) 
recommended August to  O ctober. Traub (105) rep o r ted  t h a t  the  f u l l  
growth o f  th e  p la n t  i s  made by l a te  Ju ly  and August and bulbs a re  
then  in  th e  b e s t  c o n d itio n  f o r  the  o p e ra t io n . Japanese workers
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have found A p ril and May as w ell as autumn to  be s u i ta b le  (86) .  In  
Japan e a r ly  sc a l in g  r e s u l te d  in  much l a r g e r  b u lb le ts  (4 $ ). In  
e x te n s iv e  s tu d ie s ,  Luyten ( 58) found th a t  b u lbs scooped from May to  
September produced th e  g r e a te s t  number o f  b u lb le t s .  C uttage o f 
bu lbs in  th e  s p rin g , im m ediately a f t e r  f lo w erin g , gave poor r e s u l ts  
( 105) .  The c r i t i c a l  f a c to r  appeared to  be th e  amount o f food re se rv e s  
a v a ila b le  in  th e  p la n t .  The seaso n a l f lu c tu a t io n  in  th e  re g e n e ra tiv e  
ca p ac ity  seemed to  be c o rre la te d  w ith  th e  seaso n a l v a r ia t io n  in  s ta r c h  
co n ten t o f  th e  p a re n t bu lbs (86 ) and th e  most fav o ra b le  tim e fo r 
c u tta g e  was when food re se rv e s  were maximal (IO8 ) .  S akanish i (86 ) 
r e p o r ted  th a t  fo r  p lan te d  b u lb s , n i tro g e n , phosphorus, po tassium , 
magnesium, and s ta r c h  le v e ls  decreased  during  August and September 
w ith  a subsequent in c re a se .  In  s to re d  bu lbs t o t a l  sugar remained 
h igh  in  sp rin g  and d ec lin ed  g rad u a lly  u n t i l  November.
The r e g e n e ra tiv e  c a p ac ity  o f  th e  s c a le s  from th e  o u ter 
p o r tio n  o f th e  bu lbs was g re a te r  th an  fo r  th e  in n e r  p o r tio n  (86 , IO6 ) . 
According to  Traub (IO6 ) ,  the  o u te r  po r. en produced b u lb le ts  
from th e  convex su rfa c e  o f th e  sc a le -s te m  f r a c t io n s .  F ra c tio n s  from 
th e  in te rm e d ia te  reg io n  o f th e  bulb showed f a i r l y  rap id  response , th e  
b u lb le ts  u s u a lly  developing  between th e  l e a f  s c a le s  o f  th e  f ra c t io n s .  
The f ra c t io n s  from th e  c e n te r  o f  th e  bulb were th e  most d i f f i c u l t  to  
sp ro u t .  B u lb le ts  from th ese  f ra c t io n s  u s u a lly  formed from the concave 
su rfa c e  o f th e  f r a c t io n .  Sakan ish i ( 86 ) rep o r ted  th a t  th e  in n er 
se c tio n s  con ta ined  la r g e r  amounts o f  s ta r c h ,  n i tro g e n , phosphorus, 
and potassium  than  th e  o u te r  s e c t io n s ,  b u t th e  sugar c o n ten t was
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h ig h e r  in  th e  o u te r  s e c t io n s .  A h ig h er C/N r a t i o  was a lso  found in  
th e  o u te r  s e c t io n s ,  b u t th e  C/N r a t i o  a p p a re n tly  d id  not in flu e n c e  
th e  re g e n e ra tiv e  c a p a c ity .
Experim ents on th e  e f f e c t  o f th e  number o f d iv is io n s  per 
bulb  were c a r r ie d  o u t by Traub (10$). He concluded th a t  th e  p e r­
cen tage  o f b u lb le ts  sp rou ted  p e r bulb decreased  as th e  number o f 
d iv is io n s  in c re a se d , b u t th e  t o t a l  number sp rou ted  per m other bulb 
in c re a se d  w ith  an in c re a se  in  th e  number of d iv is io n s .
A wide range o f sp ro u tin g  media has been used f o r  c u tta g e  
p ro p ag a tio n  o f  A m a ry llis . G ranulated  p e a t and co a rse  sand in  equal 
p o r tio n s  has been rep o r ted  to  be th e  most common media used ($0 , $8, 
104, 10$). T his m ix tu re  was s u i ta b le  on ly  i f  p roper d ra in ag e  was 
p ro v id ed . Coarse sand has a ls o  been used w ith  success ; whereas 
sawdust and v e rm ic u li te  were le s s  s a t i s f a c to r y  (4 $ ). Optimal pH i s  
between 6 .$  and J.O  (1 0 6 ).
The use o f  chem icals to  p rev en t decay o r promote b u lb le t
fo rm ation  had been t r i e d  as e a r ly  as 1937 (10%). I t  was found th a t
in d o le a c e t ic  ac id  gave b e t t e r  r e s u l t s  than  in d c le b u ty r ic  a c id . The 
a d d it io n  o f V itam in to  th e  w ater in  which th e  f ra c t io n s  were soaked 
a f t e r  th e  c u tt in g  o p e ra tio n  was rep o r ted  to  be b e n e f ic ia l  (9 3 ).
The e f f e c ts  o f  chem icals on th e  ro o tin g  o f  th e  sc a le -s te m
f ra c t io n  were s tu d ie d  by F u jio k a  (1%). He rep o r ted  th a t  th e
a p p lic a tio n  o f  ’R ootone’ a f t e r  keeping th e  sc a le -s te m  f ra c tio n s  a t  
2$°C and 9*0 to  92 p e r cen t r e l a t i v e  hum idity  fo r  f iv e  days re s u l te d  
in  90 p e r  ce n t ro o tin g  a f t e r  one month. Naphthalene a c e t ic  ac id  a t  
200 p a r t s  p e r  m il l io n  was le s s  e f f e c t iv e .  G ib b e re l lic  a c id ,  a t
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have found A p ril and May as  w ell as autumn to  be s u i ta b le  (86 ) .  In  
Japan e a r ly  s c a l in g  r e s u l te d  in  much la r g e r  b u lb le ts  (4 $ ) .  In  
e x te n s iv e  s tu d ie s ,  Luyten ( 58) found th a t  bu lb s  scooped from May to  
September produced th e  g r e a te s t  number of b u lb le t s .  C uttage o f  
bu lbs in  th e  sp r in g , im m ediately a f t e r  f lo w erin g , gave poor r e s u l t s  
(1 0 } ). The c r i t i c a l  f a c to r  appeared to  be th e  amount o f  food re se rv e s  
a v a ila b le  in  th e  p la n t .  The seaso n a l f lu c tu a t io n  in  th e  r e g e n e ra tiv e  
c a p a c ity  seemed to  be c o rr e la te d  w ith  the  seaso n a l v a r ia t io n  in  s ta r c h  
co n ten t o f  th e  p a re n t b u lbs ( 86 ) and th e  most fav o ra b le  tim e fo r  
c u tta g e  was when food re se rv e s  were maximal (IO8 ) .  S ak an ish i (86) 
re p o r te d  th a t  fo r  p lan te d  b u lb s , n itro g e n , phosphorus, p o tassium , 
magnesium, and s ta r c h  le v e ls  decreased  during  August and September 
w ith  a subsequent in c re a s e .  In  s to re d  bulbs t o t a l  sugar remained 
h igh  in  sp rin g  and d ec lin ed  g rad u a lly  u n t i l  November.
The re g e n e ra tiv e  c a p a c ity  o f  the  s c a le s  from th e  o u te r  
p o r tio n  o f th e  bu lbs was g re a te r  than  fo r  th e  in n e r  p o r tio n  (86 , IO6 ) . 
According to  Traub ( 106) ,  th e  o u te r  p o r tio n  produced b u lb le ts  
from th e  convex su rfa c e  o f th e  sca le -s te m  f r a c t io n s .  F ra c tio n s  from 
th e  in te rm e d ia te  reg io n  o f  th e  bulb showed f a i r l y  rap id  resp o n se , th e  
bu ll l e t s  u s u a lly  developing  between the  l e a f  s c a le s  o f  th e  f r a c t i o n s .  
The f ra c t io n s  from th e  c e n te r  o f  th e  bulb were th e  most d i f f i c u l t  to  
sp ro u t .  B u lb le ts  from th ese  f r a c t io n s  u s u a lly  formed from th e  concave 
su rfa c e  o f th e  f r a c t io n .  S akan ish i (86) rep o r ted  th a t  th e  in n e r  
s e c t io n s  co n ta in ed  la r g e r  amounts o f  s ta r c h ,  n i tro g e n , phosphorus, 
and potassium  th an  the  o u te r  s e c t io n s ,  bu t th e  sugar c o n te n t was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
r a te s  as low as 50 to  100 p a r t s  per m il l io n ,  in h ib i te d  b u lb le t  and 
ro o t  fo rm ation  (4 5 ). S im ila r  i n h ib i to r y  e f f e c ts  o f  g ib b e r e l l i c  a c id  
were re p o r te d  in  th e  sp ro u tin g  of onion bulbs ( lOO).
The c u tta g e  method o f p ropagation  has a ls o  been used on 
o th e r  a m a ry ll id s .  Traub (104) su c c e s s fu lly  t r i e d  i t  on Haemanthus, 
Crinum, N a rc is s u s , H ym enocallis, and Criodonna. Heaton (51) had 
success w ith  V a l lo ta , E u c h a ris , H abranthus, L y c o r is , N erine and 
S p re k e lia . However, some methods t h a t  a re  used on o th e r  a m ary llid s  
have n o t been t r i e d  on A m ary llis  gh. leo p o ld a e o id e s . One o f th ese  i s  
th e  te rm in a l bud d e s tru c t io n  method (5 I ) , which invo lved  th e  
i n s e r t i o n ' o f  a red  h o t need le  in to  th e  c e n te r  o f  th e  b u lb . For 
O liv ia  and Agapanthus th e  method w i l l  produce f iv e  to  seven b u lb le ts  
a f t e r  e ig h t  m onths. Hayward (27) employed th e  sim ple  in c is io n  method 
fo r  L ycoris  p ro p ag a tio n . This was c a r r ie d  out by f i r s t  making se v e ra l  
upward c u ts  deep enough in to  th e  t i s s u e  to  c u t  c le a r ly  p assin g  th e  
b a sa l  stem a t  th e  bottom  of th e  bulb . Ih e  in c is e d  bulb  was p lan ted  
in  th e  ground in  th e  same manner as i n ta c t  b u lb s . A f te r  e ig h t  o f 
n in e  months se v e ra l  b u b le ts  were o b ta in ed  from each bu lb . S everal 
o th e r  methods were re p o r ted  (28, hj ,  IO6 ) , b u t th e se  were m ainly 
a d a p ta tio n s  o f  th e  f r a c t i o n a l  sc a le -s te m  methods.
The o r ig in  o f  buds and b u lb le t s .
The b u lb le ts  produced from am a ry llis  s c a le -s te m  f ra c t io n s  
were u s u a lly  found a t  th e  t r a n s i t i o n a l  reg io n  between the  s c a le  le a f  
and the  b a s a l  p la te  ( 58 , IO6 ) . The o r ig in  o f  th e  b u lb le ts  has never
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been in v e s t ig a te d ,  b u t Luyten ( 58) made some in fe re n c e s  on th e  
e x is te n c e  o f  m eris tem a tic  a re a  a t  th e  base o f  th e  s c a le  lea v e s . 
P r i e s t l y  and Swingle ( t 8 ) ,  in  a comprehensive anatom ical rev iew  o f  
v e g e ta t iv e  p ro p ag a tio n , s tr e s se d  th e  n e c e s s i ty  to  d is t in g u is h  between 
th e  fu r th e r  development o f an o rganized  bu t dormant m eristem  and th e  
i n i t i a t i o n  o f  such a m eristem  as a r e s u l t  o f m echanical i s o l a t i o n  o f 
a p o r tio n  o f  th e  p la n t .  They surm ised th a t  each sp ec ie s  was 
d i s t in c t iv e  in  i t s  beh av io r and req u ired  in d iv id u a l s tudy .
The o r ig in  o f  a x i l l a r y  buds has been reviewed by Esau ( I 3 ) 
and an in d ic a t io n  o f  th e  range o f  v a r ia t io n  was rep o r ted  by 
P h i l l ip s o n  (76 ) .  One p a t te rn  was observed in  common l i l a c  ( Syringa 
v u lg a r is  L .)  ( I 8 ) i n  which a p o r tio n  o f  th e  a p ic a l  m eristem  becomes 
i s o la te d  by v a c u o la tio n  o f th e  su rround ing  m eristem a tic  c e l l s .  With 
th e  m atu ra tio n  o f  ground m eristem  th e  bud tra c e s  a ls o  o r ig in a te  from 
c e l l s  o f  th e  r e s id u a l  m eristem . Thus bo th  th e  a x i l l a r y  bud and bud 
t ra c e s  a r i s e  d i r e c t l y  from th e  m eristem  o f th e  p a re n t sh o o t. A s l i g h t  
m o d if ic a t io n  o f t h i s  p a t te rn  was rep o r ted  in  Drimys w in te r i  ( 23) .
Here th e  a x i l l a r y  bud o r ig in a te d  from th e  p a ren t m eristem  b u t the  bud 
t r a c e s  were d i f f e r e n t ia t e d  from th e  en larged  v acu o la ted  c e l l s  o f  th e  
c o r te x .  In  hogweed ( Heracleum sphondylium L .) ( 59) both th e  a x i l l a r y  
bud and i t s  t ra c e s  a re  d i f f e r e n t ia t e d  from en larged  v acu o la ted  c e l l s  
a s so c ia te d  w ith  th e  lea v e s . In  more extreme p a t t e r n s ,  i s o la te d  
a x i l l a r y  m eristem  may be d i f f e r e n t ia t e d  from parenchyma c e l l s  ( 6I ) .
Walker (IO9 ) rep o r ted  th a t  in  some p la n ts  a d v e n ti tio u s  
buds and sometimes ro o ts  may be produced re g u la r ly  on a tta c h ed  and
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tin in ju red  le a v e s , w h ile  o th e r  such s t r u c tu r e s  developed on detached 
le a v e s . These buds and ro o ts  may a r i s e  from re s id u a l  prim ary  
m eristem  in  th e  notches o f leav es  such as found in  Eryophyllum 
calycinum  (4 , 46, 6 j ,  11$). In  o th e r  p la n ts  th e  m ature c e l l s  have 
been shown to  resume m eristem a tic  a c t i v i t y  and form secondary m eristem . 
One such secondary m eristem  was rep o r ted  to  be found a t  th e  base o f  th e  
l e a f  o f Sedum s t a h l i i  (1 1 6 ). In  A frican  v i o le t  ( S a in tp a u lia  io n an th a ) 
th e  bud r e p o r te d ly  a r i s e s  exogenously from epiderm al c e l l s ;  w hereas, 
th e  ro o ts  a r i s e  endogenously from parenchymatous t i s s u e  ( 68) .
According to  P r ie s t ly  and Swingle ( 78) ,  i n  a number o f  
m onocotyledons is o la te d  p o r tio n s  o f  ro o t o r  shoot produced a type o f 
co rk  a t  th e  in ju re d  su rfa c e . This co rk  was u s u a lly  d i f f e r e n t  from 
th a t  c h a r a c te r i s t ic  o f  th e  d ico ty led o n s . In s te a d  o f th e  o r ig in a l  
permanent t i s s u e  d i f f e r e n t ia t in g  in to  a  m eris tem a tic  re g io n , th e  c e l l s  
in  one o r more lay e rs  beneath  th e  c u t su rfa c e  d iv ided  in to  a lim ite d  
number o f segments by w a lls  p a r a l le l  to  th e  c u t ,  and a l l  th e  newly 
formed c e l l s  became su b e riz ed . In  th e  case  o f  most A m aryllis  
s p e c ie s ,  th e  form ation  o f  red  pigm ents on th e  c u t su rfa c e  occurred  
sim u ltan eo u sly  w ith  th e  fo rm ation  o f  th e  su b e rized  la y e r  ( 85 ) .  In- 
o th e r  c a se s , c e l l s  ad ja c e n t to  th o se  which f i r s t  d iv id e d , in  tu rn  
became a c tiv e  and d iv id ed  so th a t  a su b e rized  la y e r  s e v e ra l c e l l s  
th ic k  was produced ( 78 ) .
In  some m onocotyledons, ty p ic a l  m eris tem a tic  a c t i v i t i e s  
a re  d isp la y e d . For se v e ra l  members o f  L i l i a c e a e , buds may e i th e r  
o r ig in a te  from stem c a llu s  as in  Aloe a rb o rescen s  ($0) o r  from
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ro o t  c a l lu s  as in  Dracaena ( 78 ) .  I n  s e v e ra l L ilixm  sp e c ie s  {2h,  IO9 ) ,  
b u lb le t s  a re  formed from c a llu s  t i s s u e  produced a t  th e  base o f  th e  
s c a le  le a v e s . For s e v e ra l  monocotyledons w ith  f le s h y  le a v e s , th e  
b a sa l  m eristem  p e r s i s te d  fo r  some tim e and when i s o l a te d ,  a d v e n ti tio u s  
buds appeared a t  o r  nea r th e  c u t s u rfa c e , a r i s in g  from c e l l s  ly in g  
j u s t  below su b e rized  c e l l s ,  n ear th e  p o in t o f  in ju ry  ( 78) .  Such 
a d v e n ti tio u s  buds were found in  Haemanthus (2 5 ).
According to  P r ie s t ly  and Swingle ( 78) ,  w hether th e  shoot 
o rg a n iz a tio n  i s  a lre a d y  p rese n t in  th e  p la n t  a t  th e  tim e th e  p la n t  
t i s s u e  i s  i s o la te d  o r occurs a t  th e  l e a f  base a f t e r  in ju r y ,  th e  
developm ent o f  th e  buds o r b u lb le ts  fo llow s th e  same p a t te rn .  U sually  
th e  leav es  in it ia l ly  a r i s e  as fo ld s  which surround and enc lose  a c e n tr a l  
m eris te m a tic  p o r tio n  which co n tin u es  to  g iv e  r i s e  to  su ccessiv e  le a f  
prim od ia . The ro o t  prim ordium  a r i s e s  w ith in  th e  bud p ro tuberance  
below e i th e r  th e  a p ic a l  m eristem  o r  th e  l e a f  primordium. A d e f in i te  
ro o t  apex develops and emerges in  e x a c tly  th e  same way as the  
developm ent o f  a normal a d v e n ti tio u s  ro o t.
T issu e  C u ltu re
The broad o u t l in e  o f t i s s u e  c u ltu re  was f i r s t  form ulated 
by th e  German b o ta n is t  E ab erlan d t (11$). He a ttem pted  to  grow 
s in g le  m ature c e l l s  in  a n u t r ie n t  s o lu t io n  b u t was u n su c ce ss fu l.
I n  1922, K o tte , a s tu d e n t of E a b e rla n d t, and, in d ep en d en tly , Robbins 
in  th e  U nited S ta te s  succeeded in  growing exc ised  p la n t  ro o ts  fo r  
s e v e ra l  weeks in  a n u t r ie n t  s o lu t io n  (113)- In  193^, White ( i l l )
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was ab le  to  dem onstra te  t h a t  i t  was p o s s ib le  to  grow ex c ised  ro o ts  
of tomato in  v i t r o  f o r  e x te n s iv e  p e rio d s . S u b cu ltu res  o f  th ese  
ro o ts  have been m ain tained  fo r  over t h i r t y  y e a rs . Follow ing t h i s ,  
i n t e r e s t  w a s  focused% on cam bial t i s s u e s .  In  1959» G au th ere t 
and N obecourt in  F rance and White in  th e  U nited  S ta te s  pub lish ed  
in d ep en d en tly  th e  r e s u l t s  o f  th e  f i r s t  su c c e ss fu l  c u l t iv a t io n  of 
cam bial t i s s u e s ,  fo r  a prolonged p e rio d . These were th e  f i r s t  t ru e  
p la n t  t i s s u e  c u ltu re s  in  th e  s t r i c t  sense o f prolonged c u ltu re  o f  
unorganized  c e l l s  (1 1 $ ). This led  to  an expanding re se a rch  in  p la n t  
t i s s u e  c u ltu r e .  Ihe  a v a ila b le  l i t e r a t u r e  to  d a te  i s  very  e x ten s iv e  
and th e  f i e l d  i s  dynamic. S ev e ra l review s and symposia on th e  s u b je c ts  
a re  a v a ila b le  (8 , 9, 66, 82, 11$).
Requirem ents fo r  t i s s u e  c u l tu r e .
T issu e  c u ltu re ,  l ik e  any form of c u l t iv a t io n ,  re q u ire s  
c e r ta in  co n d itio n s  fo r  growth. These in c lu d e  both  p h y s ic a l and 
n u t r i t i v e  c o n d it io n s . According to  M urashige (6 4 ), th e  most c r i t i c a l  
o f th e  p h y s ic a l co n d itio n s  i s  a e ra t io n .  The oxygen te n s io n  in  th e  
medium i s  im p o rtan t, s in c e  i t  appears to  be a l im it in g  f a c to r  fo r  
growing t i s s u e s  in  l iq u id  media (8 2 ). S a t is f a c to ry  a e ra t io n  can be 
achieved  by u sin g  an a g a r-g e l  mediim o r by c o n s ta n t v igorous a g i ta t io n  
when l iq u id  medium i s  used (9 , TO), bubb ling  a i r  in to  th e  medium 
(9 ) ,  o r by p ro v id in g  f i l t e r  paper su p p o rt ($ 4 ). W hite (112) 
observed th a t  tobacco  t is s u e  submerged in  th e  medium grew slow ly  and 
d i f f e r e n t ia t e d  e a r ly .  He a s so c ia te d  th e  e a r ly  d i f f e r e n t ia t io n  w ith  
the lack  o f oxygen.
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The tem p era tu re  range fo r  s a t i s f a c to r y  growth has been 
found to  be ap p ro x im ate ly  th e  same f o r  t i s s u e  in  c u ltu re  as fo r  
whole p la n ts  (6 4 ).  For many t i s s u e s ,  growth i s  s a t i s f a c to r y  between 
20° and 28°C and i s  o p tim al a t  approx im ately  26° to  2T°C. Tempera­
tu re s  much h ig h e r  o r  lower reduce growth.
L ig h t req u irem en ts  o f t i s s u e  c u ltu re s  appear to  vary  w ith  
th e  type o f  c u l tu r e s .  When p r o l i f e r a t i o n  o f c a l lu s  t i s s u e  i s  d e s ire d , 
co n s ta n t d arkness seems m ost fav o ra b le  ( l 6 , 64, 110). A ccording to  
P o lev a ja  ( j j ) ,  l i g h t  in h ib i te d  c e l l  d iv is io n ,  r e ta rd e d  th e  t r a n s i t i o n  
p ro cess  lead in g  to  e x te n s io n  growth and reduced u ltim a te  s iz e  o f  
c a r r o t  c e l l s .  The degree of in h ib i t io n  depended upon th e  wave leng th  
and in te n s i t y  o f  th e  l i g h t .  At low in te n s i t y ,  b lu e  l ig h t  was le s s  
i n h ib i to r y  than  re d . Growth was reduced to  a g re a te r  e x te n t  i f  the  
t i s s u e  was i n i t i a l l y  grown in  l ig h t  and then  t r a n s fe r r e d  to  d arkness. 
S im ila r  response  was a ls o  re p o r te d  f o r  c e l l s  from th e  tu b e r  o f 
Je ru sa lem  a rt ic h o k e  (H e lian th u s tu b e ro su s ) ( l 6 ) . However, l ig h t  
p lay s  an im p o rtan t r o le  in  o th e r  types o f  growth. In  th e  p resence 
o f lAA in d u c tio n  o f  d i f f e r e n t ia t io n  o f  many t i s s u e s  may re q u ire  
i llu m in a tio n  (6 4 , l lO ) . W ith tobacco p i th  t i s s u e ,  such photo­
enhancement of d i f f e r e n t ia t io n  d id  n o t occur when 2 ,4 -d ic h lo ro -  
phenoxyacetic  a c id  (2 ,4-D ) o r  n ap h th a le n ea c e tic  a c id  (KAA) was 
s u b s ti tu te d  fo r  in d o le a c e t ic  a c id  (lAA) ( l lO ) .
The pH range  found to  be s a t i s f a c to r y  fo r  many c u ltu re s  
i s  between 5 and 6 (64 , 8 2 ) .  C e r ta in  c u ltu re s  can grow norm ally 
a t  a pH range o f $ .2  to  9 (19)* H iker and H ild eb ran d t (82)
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observed th a t  d u rin g  long p e rio d s  o f  in cu b a tio n  th e  pH o f  media 
tended to  d r i f t  toward n e u t r a l i t y .  I n  p a r t ,  th e  d r i f t  from th e  
ac id  s id e  r e s u l te d  from th e  u t i l i z a t i o n  o f  n i t r a t e s  from sodium, 
po tass iu m , o r calcium  n i t r a t e  i n  th e  n u t r ie n t  s o lu t io n .  With tumor 
t i s s u e  o f sheep s o r r e l  (Rumex a c e r to s e l la ) low pH in cre a se d  
u t i l i z a t i o n  o f n i t r a t e s  ( 69)• From th e  a lk a l in e  d i r e c t io n ,  th e  
d r i f t  was p a r t i a l l y  a r e s u l t  o f  atm ospheric  and m etab o lic  carbon 
d io x id e  which formed carbon ic  ac id  w ith  th e  w ater in  th e  medium (82 ) .
Another im p o rtan t p h y s ic a l c o n d itio n  i s  a s e p s i s ,  which i s  
th e  ex c lu s io n  o f con tam ina ting  m icroorganism s from th e  medium as 
w e ll as th e  i s o la te d  p la n t  p a r t  to  be in tro d u ced  to  i t .  I f  th e  
co n tam ina ting  organism s o f th e  e x p lan t were p re s e n t  o n ly  e x te rn a lly ,  
th ey  could  be e a s i l y  e lim in a ted  by tre a tm e n t w ith  a  m ild d is in f e c ta n t  
(6 4 ). I n te r n a l  co n tam ina tion  o f th e  t i s s u e s  req u ired  more e la b o ra te  
p ro ced u res . The use  o f  a n t ib io t i c s  and o th e r  chem otherapeutic 
su b stan ces  has been t r i e d  (11 , TO)•
N u tr ie n t  media a re  u s u a lly  rendered  f re e  o f  con tam inating  
organism s by a u to c la v in g . Heat l a b i l e  sub stan ces  a re  s te r i l i z e d  
w ith  m ic ro b ia l f i l t e r s  and added to  th e  m edia.
N u tr i t io n a l  f a c to rs
In o rg an ic  n u t r i t i o n  o f  c a l lu s  t i s s u e  was developed by 
G au theret in  I 939 and White in  194$ (21 , 98 , 99) .  These workers 
d id  n o t a ttem p t to  determ ine th e  ex act requ irem en ts o f  th e  t i s s u e s .  
G au there t (20) even concluded th a t  a l l  p la n t  t is s u e s  have about
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th e  same requ irem en ts fo r  m in eral s a l t s .  I n  g e n e ra l ,  e a r ly  media 
con ta ined  s a l t  s o lu t io n s  t h a t  had proven su c ce ss fu l in  th e  c u ltu re  
o f  e n t i r e  p la n ts  o r  p la n t  o rgans. W hite ( I I 5 ) ,  fo r  ex an çle , adapted 
th e  medium he used fo r  ro o t  c u ltu re  and was su c ce ss fu l i n  c u l t iv a t in g  
t i s s u e s  from se v e ra l p la n t  sp e c ie s .  The medium con tained  s ix  
m acroelem ents (n itro g e n , phosphorus, po tassium , magnesium, calcium , 
and s u lfu r )  and s ix  m icroelem ents ( ir o n ,  boron, m anganese, z in c , 
c h lo r in e ,  and io d in e ) .
L a te r  a number o f  w orkers ( 6 , 35s ^3) dem onstrated th a t  
th e  in o rg an ic  s a l t  s o lu tio n s  o f G autheret as w e ll as th o se  o f  White 
were subop tim al. Using tumor t i s s u e s  and th e  c la s s ic a l  t r i a n g le  
method H ild eb ran d t _et ^  (4$) c a r r ie d  out th e  f i r s t  d e ta i le d  study  o f 
th e  n u t r i t i o n a l  requ irem en ts o f t i s s u e  c u ltu r e s .  This led  to  
q u a n ti ta t iv e  improvements in  W hite 's  medium.
The u se  o f  a s h le s s  f i l t e r  paper to  f lo a t  t i s s u e  in  l iq u id  
media ($ 4 ) ,  proved u s e fu l .  Using t h i s  tech n iq u e , H e lle r  ( 36) was 
a b le  to  dem onstrate  th a t  c a l lu s  t i s s u e s  r e q u ire  n i tro g e n , po tassium , 
calc ium , magnesium, phosphorus, s u l f u r ,  z in c , i r o n ,  bo ron , manganese, 
and copper. He a lso  found th a t  c e r ta in  m acroelem ents, such as sodium, 
a re  not n ecessa ry  bu t s tim u la te  p r o l i f e r a t i o n  o f  the  t i s s u e s .  S im ila r  
e f f e c ts  were rep o r ted  fo r  n ic k e l ,  aluminum, and io d in e  ( 21) .
The forms in  which th e  v a rio u s  elem ents a re  su p p lied  
a re  a ls o  c r i t i c a l .  For example, n i t r a t e  has been rep o r ted  to  be 
th e  b e s t  source o f n itro g e n  ( 6 , 8I ) .  N i t r i t e  ions  re p o r te d ly  
cannot s u b s t i tu t e  fo r  n i t r a t e  io n s  ( 2 l ) .  Ammonium io n  was 
le s s  to x ic  than  n i t r i t e  io n  bu t was no t w ell u t i l i z e d
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a t  any pH (8h,  9 0 ). Organic n i tro g e n  has been used to  r e p la c e  
n i t r a t e  b u t was no t as e f f e c t iv e .  This was t ru e  in  th e  case  o f 
u rea  ( 8 l ,  9 4 ). Amino a c id s  produce v a r ia b le  r e s u l t s .  T issu es  from 
sunflow er crown g a l l  could no t u t i l i z e  many o f  th e  am ino-acids ( 8 l ) .  
N ic k e ll and Buckholder (7 I)  rep o r ted  th a t  on ly  g ly c in e , a s p a r t ic  ac id  
and p ro lin e  proved to  be e f f i c i e n t  n i tro g e n  sou rces  fo r  th e  tumor 
t i s s u e s  o f  s o r r e l  (Rumex a c e r to s a ) . A rg in in e  and g lu tam in e , a lthough  
l e s s  e f f e c t i v e ,  supported  continuous growth o f  spruce t i s s u e s  (P icea  
a b ie s ) (9 4 ).
S u lfu r could be su p p lied  no t on ly  as s u l f a te  b u t a ls o  as 
s u l f i d e ,  s u l f i t e ,  b i s u l f i t e ,  and c y s te in e  fo r  c u ltu r e  o f  c a r r o t  
t i s s u e s  ( 21 ) .  G lu ta th io n e  had no e f f e c t  and c y s tin e  and m eth ion ine 
were to x ic  to  tumor t i s s u e  o f s o r r e l  ( Rnmex a c e r to s a ) ( T l ) . Phosphate 
has a ls o  been re p o r ted  to  be u t i l i z e d  in  s e v e ra l forms by c a l lu s  
t i s s u e s .  This in c lu d e s  th e  v a rio u s  sugar phosphates (9 9 )-
With i ro n ,  the  main problem u s u a lly  was th e  e f f e c ts  o f  
re le a se d  m e ta b o li te s  in  th e  medium on i t s  a v a i l a b i l i t y .  To overcome 
t h i s  problem , i ro n  was u su a lly  su p p lied  to  th e  medium in  th e  ch e la ted  
forms (99 ) .
Carbon i s  an im portan t elem ent in  th e  n u t r i t i o n  o f t i s s u e  
c u ltu r e s .  U nlike whole p la n t s ,  c a l lu s  t i s s u e  i s  no t a u to tro p ic  fo r  
i t s  carbon need. Even though some c u ltu re s  develop c h lo ro p h y ll,  
th ey  a re  s t i l l  dependent on th e  carbon sources in  th e  medium ( 21) .  
S tu d ies  on carbon sources have been made by a number o f  workers 
(3 7 , 4 l ,  4 2 ). The above s tu d ie s  in d ic a te d  t h a t ,  f o r  most c u ltu r e s .
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b e s t  growth was achieved  when su cro se  and i t s  h y d ro ly tic  p ro d u c ts , 
g lucose  and f ru c to s e ,  were used . O ther sugars can a ls o  be u t i l i z e d  
b u t th ey  a re  l e s s  e f f e c t iv e  ( 2 l ) .  There a re  e x c ep tio n s , fo r  example, 
H ild eb ran d t and R iker (4 l)  rep o r ted  th a t  d e x tro se  and le v u lo se  were 
e x c e l le n t  carbon sources fo r  t i s s u e s  from f iv e  d i f f e r e n t  p la n t  
s p e c ie s .  G a lac to se , which i s  i n e f f e c t iv e  in  m ost c a se s , produced good 
growth w ith  t i s s u e s  from p e riw in k le  (Vinca ro se a ) and redwood 
CSequoia sem perv irens) (2 1 ).
The p o s s ib i l i t y  o f u s in g  s ta r c h  as a carbon source  has 
been d iscu ssed  ( 4 l ,  k-2). G au theret (21) re p o r te d  t h a t  crown g a ll  from 
tobacco  (N ico tian a  tobacum) and p e riw in k le  (V inca ro se a ) grew w ell on 
media c o n ta in in g  s ta r c h  as th e  on ly  carbon so u rce . S ta rch  has a lso  
been sa id  to  be e f f e c t iv e  as carbon source fo r  corn  endosperm t is s u e  
(9?) and tumor t i s s u e  o f sheep s o r r e l  (Rnmex a c e to s e l l a ) ( $ ) .  The 
a b i l i t y  o f  garden s o r r e l  t i s s u e  (Rumex a c e r to s a ) to  u t i l i z e  s ta r c h  was 
a t t r ib u t e d  to  th e  s e c re t io n  o f  an e x tr a c e l lu la r  enzyme by th e  t i s s u e
(7 1 ).
A ttem pts have a ls o  been made to  de te rm ine  th e  s u i t a b i l i t y  
o f  a lco h o l as  a carbon so u rce  fo r  t i s s u e  c u l tu r e .  H ild eb ran d t and 
R iker (4 l)  experim ented w ith  m ethanol, e th a n o l ,  p ro p an o l, b u ta n o l , 
g ly c e ro l ,  and a few o th e r  a lc o h o ls  on th e  t i s s u e s  o f m arigold  
( T agetes e r e c ta ) .  P a r is  d a isy  (Chrysanthemum f ru te s c e n s ) , p e riw in k le  
(Vinca ro se a ) , sunflow er (H e lian th u s  s p . ) ,  and tobacco  (N ico tian a  
tabacum) . Only g ly c e ro l  s u s ta in ed  any a p p re c ia b le  growth, which was 
i n f e r io r  to  th o se  when sugars were used . N ic k e ll  and Buckholder (7 l)
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used a d i f f e r e n t  s e t  o f  a lc o h o ls  on tumor t i s s u e s  o f s o r r e l  ( Rumex 
a c e r to sa )  and came to  s im ila r  c o n c lu s io n s . Organic a c id s  have a lso  
been in v e s t ig a te d  ( 4 l ,  4 2 ) .  In  g e n e ra l ,  th ey  were in e f f e c t iv e  as 
carbon sources and a few were to x ic .
Growth su b s ta n c e s .
Most normal t i s s u e s  re q u ir e  c e r t a in  e x te rn a l  growth f a c to rs  
fo r  growth in  a s e p t ic  c u ltu r e  (99)* However, tumor t is s u e s  . 
p ro life ra te d  a c t iv e ly  in  th e  absence o f  an exogenous growth substance  
(4 3 ). Some o f th e  growth su b stan ces  t h a t  a re  in co rp o ra te d  in to  
c u ltu re  media in c lu d e  au x in , c y to k in in , g ib b e r e l l in s ,  v ita m in s , and 
c e r ta in  undefined  f a c to rs  such as th o se  found in  coconut m ilk  and 
y e a s t  e x t r a c ts .
The aux ins t h a t  a re  commonly used in  t is s u e  c u ltu re  a re  
in d o le a c e t ic  a c id  (lAA), n a p h th a le n ea c e tic  a c id  (NAA), 2 ,4 -d ic h lo ro -  
phenoxyacetic  a c id  (2 ,4 -D ), 2 -n ap h th o x y ace tic  ac id  (2-NOA). The 
b e s t  known o f th e  c y to k in in s  i s  k in e t in  which i s  6-fu rfu ry la m in o - 
p u rin e  ( 63) .  More th an  tw enty ana lo g u es , a l l  adenine d e r iv a t iv e s ,  
a re  known to  p o ssess  v a ry in g  degrees o f  growth r e g u la tin g  p ro p e r t ie s ,  
b u t none has been m arkedly more a c t iv e  th an  fu rfu ry la d e n in e  ( 62) .
There a re  two p re v a i l in g  concep ts as  to  th e  fu n c tio n s  of 
th ese  two groups o f growth su b s ta n c e s . G au there t (21) advocated 
th a t  th ese  s u b s ta n c e s , in d iv id u a lly ,  promote th e  fo rm ation  o f s p e c i f ic  
o rgans. According to  t h i s  th eo ry , th e  e f f e c t  o f auxin  on a g iven  
sp e c ie s  depends on th e  c o n c e n tra t io n . Thus a low c o n c e n tra tio n  o f
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in d o le a c e tic  a c id  produces p r o l i f e r a t i o n  in  c a r r o t  t i s s u e ;  a t  h ig h e r  
c o n c en tra tio n s , ro o ts  a re  formed and a t  s t i l l  h ig h e r  c o n c en tra tio n s , 
g e n e ra liz e d  sw ellin g  o f th e  c e l l s  w i l l  o ccu r. K in e tin  w i l l  induce 
c e l l  d iv is io n  and shoot fo rm atio n . Skoog and M il le r  ( 9I) advocated 
th e  th eo ry  th a t  th e  re g u la tio n  o f  a l l  types o f growth, from c e l l  
en largem ent to  organ fo rm ation , i s  the  r e s u l t  o f q u a n ti t a t iv e  i n t e r ­
a c tio n s  between growth f a c to rs  e s p e c ia l ly  between auxin  and c y to k in in s  
and between th ese  and o th e r  f a c to r s .  For example, in  th e  p ro cess  o f 
c e l l  p r o l i f e r a t i o n ,  bo th  auxin  and k in e t in  a re  re q u ire d  fo r  a c tiv e  
DNA s y n th e s is ,  m ito s is ,  and c e l l  d iv is io n  to  proceed co n tin u o u s ly .
The two f a c to r  c o n tro ls  o f  l a t e r a l  ro o t fo rm ation  exp lo red  by Torrey 
(101, 102) may be a k in in -a u x in  phenomenon.
The e f f e c t  o f g ib b e r e l l in s  upon th e  growth o f c u ltu re d  
t is s u e s  has been in v e s t ig a te d  by a number o f workers ($$, J2,  8?)•
In  most c a se s , no n o tic e a b le  e f f e c ts  were rep o r ted  and in  th e  case o f 
s e v e ra l  monocot c u ltu re s ,  a d d it io n  o f g ib b e r e l l i c  a c id  was i n h ib i to r y  
to  th e  growth o f th e  c u ltu re d  t i s s u e  (7 2 ) .
Vitam ins have been used to  s tim u la te  growth o f t i s s u e s  in  
c u ltu r e .  Thiamine (v ita m in  Bi) was the  f i r s t  to  be used fo r  t h is  
pu rpose. White (115) found th a t  t h is  substance  was req u ired  in  ro o t 
c u ltu re s  and l a t e r  in c lu d ed  i t  in  media used fo r  t i s s u e  c u ltu r e .  
H ild eb ran d t e t  £ l  (4$) d isco v ered  th a t  sunflow er (H elian th u s s p . ) and 
tobacco tumor t is s u e s  (N ico tian a  tabacum) produced i t  in  a p p re c iab le  
amounts and deemed i t s  use  unnecessary  in  t i s s u e  c u ltu r e s .  C a rro t 
t i s s u e s  (Daucus c a ro ta ) a ls o  sy n th e s ize  t h e i r  own th iam ine b u t the
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presence  o f t h i s  v itam in  in  th e  medium i n te n s i f i e s  p r o l i f e r a t io n  
(7 5 ). L insm aier and Skoog (56 ) in v e s t ig a te d  the  e f f e c ts  o f v itam in  
B complex as w e ll as o th e r  v itam in s  on tobacco c a llu s  t is s u e ,  
f in d in g  th a t  on ly  th iam ine was e s s e n t ia l  and th a t  m y o -in o s ito l, 
p-am inobenzoic a c id , and a sco rb ic  a c id  s tim u la te d  growth. Pyridoxine 
and n ic o t in ic  a c id  were w ith o u t b e n e f ic ia l  e f f e c ts  and r ib o f la v in  
s e v e r e l y  in h ib i te d  growth. For p r a c t ic a l  purposes, v itam ins a re  used 
in  m ix tu re s . For example, Henderson e t  a l  (59) , in  t h e i r  in v e s t ig a ­
t io n  on c u ltu re  o f normal sunflow er t i s s u e  (H elian thus sp . ) ,  used a 
m ix tu re  o f  ten  v itam in s , p e rfe c te d  on the  b a s is  o f work done on 
Neurospora g e n e tic s .  This m ix tu re  was e f f e c t iv e  b u t whether a l l  the  
c o n s ti tu e n ts  were r e a l ly  n ecessa ry  o r even u s e fu l  i s  unknown.
C e r ta in  c a llu s  c u ltu re s  cannot y e t  be s a t i s f a c to r i l y
m ain tained  on w e ll d e fin ed  m edia. H ie ir  su c ce ss fu l c u ltu re  depends
upon th e  in c o rp o ra tio n  in to  the  media o f n a tu ra l  e x tr a c ts  o r  f lu id s
o f unknown com position . Coconut m ilk  and y e a s t e x tr a c ts  have been
p a r t i c u l a r ly  e f f e c tiv e  and hence w idely  used fo r t h is  purpose 
(2 , 10, 59, 11^).
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MATERIALS AM) METHODS
P ro p ag atio n  S tu d ie s .
P ro p ag atio n  in  s a tu ra te d  a tm osphere . Bulbs o f  A m aryllis 
gh. leo p o ld aeo id es  Traub, cv . 'Wedding B e l l s ' ,  approx im ately  th re e  
y e a rs  o ld , o b ta in ed  from th e  Ludwig N ursery in  H o lland , were used 
fo r  th e  s tu d ie s .  Old and d r ie d  s c a le s  on th e  bu lb s  were removed, 
th e  ro o ts  trimmed to  th e  b a s a l  p l a t e  and th e  b u lb s  tho ro u g h ly  washed 
w ith  w ater and a i r - d r i e d .  Bulbs were n o t su rfa c e  s t e r i l i z e d .
A ll c u t t in g  to o ls  were s t e r i l i z e d  in  95 p e r  c en t e th a n o l.
With th e  u se  o f  a s p e c ia l ly  c o n s tru c te d  k n ife ,  which had two b lad es  
spaced 0 .6  c e n tim e te rs  a p a r t ,  s e c t io n s  o f  th e  same w idth  were c u t 
len g th w ise  from th e  halved  b u lb s . Two s c a le  lea v e s  sc a le -s te m  
f r a c tio n s  were th en  ob tain ed  by making h o r iz o n ta l  c u ts  in to  th e  
b a sa l  p l a t e  p o r tio n  o f th e  v e r t i c a l  s e c t io n s  ( P la te  l ) .
The sc a le -s te m  f r a c t io n s  were p u t in to  o n e -q u a rt f r u i t  
j a r s  which c o n ta in ed  about th re e  c e n tim e te rs  o f w a te r  a t  th e  bottom  
( p la t e  2 ) .  J u s t  above th e  w a te r  le v e l  was a p e r fo ra te d  f i l t e r  paper 
supported  by a  hardward c lo th  framework. The f r a c t io n s  were l a id  on 
th e  f i l t e r  p ap e r. The j a r  was c lo se d  w ith  a  m eta l screw -cap th a t  had 
a sm all h o le  i n  th e  m iddle in  which a  b a l l  o f  n on-absorb ing  c o tto n  was 
p lac e d . This was in tended  to  a llow  some gas exchange to  tak e  p lac e  
in  th e  j a r  to  reduce th e  chance o f  fe rm en ta tio n  o f  th e  f r a c t io n s  in  th e  
j a r .  The atm osphere in  th e  j a r  became s a tu ra te d  w ith  m o is tu re  when 
a dynamic e q u ilib riu m  was a t ta in e d  between th e  atm osphere in s id e  th e  
j a r  and th e  w ater.
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Each j a r  co n ta in ed  20 f r a c t io n s .  Three j a r s  were kep t in  
darkness th roughou t th e  experim ent. Another th re e  j a r s  were exposed 
to  a 12-hour p h o toperiod  a t  a l ig h t  i n te n s i t y  o f $00-$^0 fo o t-c a n d le s  
which was su p p lied  by two cool w hite  f lu o re sc e n t  and two 'Gro-Lux' 
tu b e s . The te n ç e ra tu re  range in s id e  th e  j a r s  was 2 6 .7°-2$ .4°C .
Comparison o f  sa tu ra ted -a tm o sp h ere  method w ith  s tan d ard  
method o f s e a le -s te m  f r a c t io n  p ro p ag a tio n .
S ca le-s tem  f ra c t io n s  o f  Wedding B e lls  a m a ry llis  were 
p lan te d  in  a m ix tu re  o f  sand and v e rm ic u li te  in  p l a s t i c  p o ts .  The 
sand was washed and s t e r i l i z e d  p r io r  to  u se , w h ile  th e  v e rm ic u li te  
was used s t r a ig h t  from the  bag . Three r e p l ic a t io n s  o f  20 f ra c t io n s  
each were used in  com parison to  th re e  r e p l ic a t io n s  in  f r u i t  j a r s .
The tem p era tu re  o f  th e  sand and v e rm ic u li te  was kept a t  
2 6 .7 °" 29 . Al l  s e c t io n s  were g iven  12 hours o f  l ig h t  and 12 hours 
o f  d arkness a l t e r n a t e ly ,  u s in g  both  cool w hite  and 'G ro-Lux' f lu o r e s ­
ce n t tu b es  to  p ro v id e  from 3^0-$30  fo o t-c an d le s  o f l ig h t .
E f fe c ts  o f  chem icals on s c a le -s te m  f r a c t io n s  p ropagated  in  
s a tu ra te d  atm osphere .
Five ch em icals , in d o le a c e t ic  ac id  (IAA), k in e t in ,  e th r e l ,  
g ib b e r e l l i c  a c id ,  and M orsodren were used s in g ly  and in  v a rio u s  
com binations in  t h i s  s tu d y . The in d o le a c e t ic  ac id  and g ib b e r e l l i c  
ac id  were m anufactured by th e  Merck Chemical D iv is io n . K in e tin  i s  
6 -fu rfu ry la m in o p u rin e , m anufactured by Sigma Chemical Company. E th re l
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(Amchem 68-240), m anufactured by Amchem P ro d u cts  In c o rp o ra tio n , has 
2 -c h lo ro e th y l  phosphonic acid  as i t s  a c t iv e  in g re d ie n t .  In d o le ­
a c e t ic  a c id ,  k in e t in ,  e th r e l ,  and g ib b e r e l l i c  a c id  a re  growth 
r e g u la to r s  and th e i r  a p p lic a tio n  on A m aryllis sc a le -s te m  f ra c tio n s  
has been re p o r te d  to  produce b o th  p o s i t iv e  and n e g a tiv e  resp o n ses , 
when th e  t re a te d  f ra c t io n s  were propagated  by th e  s tandard  method 
(IT , 44, IOT). M orsodren, a fu n g ic id e , c o n ta in s  2 .2  p e r cen t 
m ethylm ercury dicyandiam ide. The tre a tm e n ts  c o n s is ted  o f  dipping  
th e  f r a c t io n s  fo r  f iv e  m inutes in  th e  fo llo w in g  m a te r ia ls  p r io r  to  
p la c in g  in  j a r s :
a. C ontrol
b . In d o le a c e tic  acid  
(IAA)
G ib b e re l lic  ac id  
Morsodren 
IAA and M orsodren 
h . IAA and K in e tin
d i s t i l l e d  w ater
) m illig ram s 
p e r l i t e r
) m illig ram s 
p e r l i t e r
250 m illig ram s 
p e r l i t e r
20 m illig ram s 
p e r l i t e r
1.55  m i l l i l i t e r s  
p e r l i t e r
80 m illig ram s and
1 .55  m i l l i l i t e r s  p e r l i t e r
) m illig ram s and 
) m illig ram s p e r l i t e r
The f r u i t  j a r  method d escrib ed  p rev io u s ly  was used . Each 
j a r  c o n ta in ed  I 6 f r a c t io n s  o f a s in g le  t re a tm e n t,  and each trea tm en t 
was r e p l ic a te d  fo u r tim e s. A ll tre a tm e n ts  were exposed to  a l ig h t  
i n te n s i t y  o f  5OO-55O fo o t-c a n d le s  fo r  a s ix -h o u r  pho toperiod  d a ily .
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H is to lo g ic a l  S tu d ie s .
O rig in  o f  b u lb le t s . On November g , 1970, s c a le -s te m  
f ra c t io n s  o f  A m aryllis gh. leo p o ld a e o id e s , cv . 'Wedding B e l ls ' 
were propagated  in  sa tu ra te d  atm osphere, as d e scrib ed  in  th e  f i r s t  
s e c t io n .  However, in s te a d  o f f r u i t  j a r s ,  d e s ic c a to r  j a r s  were used 
to  accommondate a la rg e r  number o f  f ra c t io n s  (P la te  3 )•  There were 
240 s c a le -s te m  f ra c tio n s  in  th e  d e s ic c a to r .  T his was to  ensure  th a t  
th e re  were enough f ra c t io n s  on each sam pling d a te .  S ince no fu n g ic id e  
was used some f ra c t io n s  were expected to  be l o s t  due to  decay. The 
j a r s  were exposed to  12-hour photoperiods and a l ig h t  i n te n s i t y  of 
300-350 f o o t-c a n d le s .
The f i r s t  sample fo r  m icroscopic  exam ination  was c o lle c te d  
on th e  day th e  f ra c t io n s  were put in to  th e  d e s ic c a to r  j a r .  Subsequent 
samples were c o lle c te d  a t  th re e  day in te r v a l s .  Ten s e c t io n s  were 
c o lle c te d  a t  random on each sam pling d a te . C o lle c t io n  o f samples 
was stopped a f t e r  th e  f ra c t io n s  were in  th e  d e s ic c a to r  fo r  36 days 
and th e  b u lb le ts  were over O.5  c e n tim e te r  in  s iz e .
A ll s e c t io n s  were f ix ed  in  FAA (fo rm a lin  a c e t ic  ac id -  
a lco h o l)  ( 49) and im m ediately a s p ira te d  to  remove a i r  from th e  
samples and to  ensure  com plete p e n e tra tio n  o f  th e  f ix a t iv e  in to  th e  
t i s s u e .  A ll t i s s u e s  were dehydrated  in  a graded s e r ie s  o f t e r t i a r y  
b u ty l a lco h o l fo llow ed by a g radual change in to  low m e ltin g  p o in t 
p a ra f f in  (50-52°C .) and f i n a l ly  embedded in  h igh  m e ltin g  p o in t  
p a ra f f in  (5 6 -5 8 °C .) . The samples were sec tio n ed  s e r i a l l y  a t  te n  
m icrons in  t ra n s v e rs e  and lo n g itu d in a l  p la n e s , a f f ix e d  to  g la s s  s l id e s
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w ith  H aup t's  s o lu t io n  ( 7 9 ) j s ta in e d  w ith  s a f r a n in ,  c o u n te rs ta in ed  
w ith  f a s t  green  and mounted in  Permount.
A second group o f sc a le -s te m  f ra c t io n s  was propagated  on 
May 26 , 19713 f o r  fu r th e r  exam inations, u s in g  the  same p ro ced u res .
T issu e  C u ltu re  S tu d ie s .
Excision  o f e x p la n t . Dormant bu lbs o f A m aryllis  gh. 
leo p o ld a e o id e s , cv . 'Wedding B e l ls ' were s e le c te d  fo r  u n ifo rm ity  
i n  s iz e .  Dried and o ld  s c a le  lea v e s  were removed and th e  ro o ts  
trimmed to  th e  b a sa l p l a t e .  The bu lbs were then  cleaned  and th e  
s u rfa c e  s t e r i l i z e d  by p lac in g  th e  bulb in  O.5  p e r  cen t Chlorox (a 
commerical s o lu t io n  co n ta in in g  5*25 p e r  cen t sodium h y p o c h lo rite )  fo r  
te n  m in u tes, follow ed by a 70 p e r  cen t e th an o l so lu t io n  fo r  f iv e  
m inutes and th en  a calc ium  h y p o c h lo r ite  s o lu t io n  (80  g / l )  f o r  twenty 
m in u tes. The bu lbs were then  t ra n s fe r r e d  to  au toc laved  co n ta in e rs  
and allowed to  dry  in  th e  t r a n s fe r  chamber.
The ex p lan ts  were c u t in  th e  t r a n s f e r  chamber. A ll c u tt in g  
to o ls  were s t e r i l i z e d  in  95 p e r c en t e th an o l and then  flam ed.
Remaining s c a le s  on th e  bulbs were removed, exposing th e  b a sa l p la te .  
Then th e  a p ic a l  m eristem  to g e th e r  w ith  th e  subtending  parenchyma c e l l s  
were excised  by a tra n s v e rs e  c u t approx im ately  m il lim e te rs  below 
th e  apex, w ith  a d is s e c t in g  k n ife .  This t i s s u e  was sec tio n ed  by 
v e r t i c a l  c u ts  so t h a t  cubes $ -4  m il lim e te rs  in  s iz e  were ob tain ed .
C u ltu re  o f  t i s s u e . F ive d i f f e r e n t  media were used in  
a ttem p ts  to  grow th e  t i s s u e ,  in c lu d in g  th o se  o f W hite, (1 1 $ ), R e in e rt
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
and Mohr (8 o ),  Knudson (5 2 ) , N itsch  and N itsch  ( 7 3 ) j and L insm aier and 
Skoog ( 56) .  The f i r s t  th re e  were l iq u id  media w hile  th e  l a s t  two were 
a g a r-g e l  m edia. The com positions o f  th ese  media a re  g iven in  
appendices I - 5 . A ll media were au to c lav ed  excep t fo r  h e a t l a b i l e  
components which were s t e r i l i z e d  w ith  m ic ro b ia l f i l t e r s .  W ater used 
in  th e  media was f i r s t  passed through an io n  exchange column and then 
g la s s  d i s t i l l e d .  A ll t r a n s fe r s  were done in  a t r a n s f e r  case  w ith  
p o s i t iv e  a i r  p re s s u re .
For th e  l iq u id  m edia, s ix te e n  m i l l i l i t e r  d isp o sa b le  t e s t  
tu b es  were u sed , each co n ta in in g  fo u r  m i l l i l i t e r s  o f  th e  medium.
Once th e  e x p lan t was in tro d u ced  in to  th e  medium, th e  t e s t  tube  was 
p laced  on a  t i s s u e  c u ltu re  wheel which r o ta te d  a t  one r e v o lu tio n  
every  f iv e  m in u tes. A ll tubes were plugged w ith  s t e r i l e  non-absorb ing  
c o tto n  and capped w ith  p l a s t i c  caps.
F i f t y  m i l l i l i t e r  Erlenm eyer f la s k s  and f o r ty  m i l l i l i t e r  
v i a l s  were used fo r  th e  a g a r-g e l m edia. Each f la s k  o r v i a l  con tained  
15 m i l l i l i t e r s  o f  medium. The t i s s u e  cube was p laced  on th e  medium 
and th e  f la s k  o r v i a l  covered w ith  aluminum f o i l .
M o d ifica tio n  o f a g a r-g e l medium. Only th e  L insm aier and 
Skoog medium was used . The c o n tro l  co n ta ined  o n ly  th e  in o rg a n ic  
n u t r ie n t  s o lu t io n  and a g a r. This was th e  b a sa l medium. The 
m o d if ic a tio n  c o n s is ted  o f  th e  b a s a l  medium and th e  substances 
summarized in  th e  t a b le  shown on th e  nex t page.
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M illig r a m sp e r  l i t e r  added to  m o d ified  medium
Components 1 2 3 4 5 6 7 8 9
In d o le b u ty r ic
ac id
- - - - - - - 1.75 1.75
N ap h th a len eace tic - - - - - - - 1.75 1.75
In d o le a c e tic  ac id - - 1 .0 15.0 $ 0 .0 - 1.0 - -
K in e tin - - 0. 1 0 .2 0 .2 - 0 .1 - -
M y o -in o sito l - 50 50 100.0 100.0 - 50 - -
Thiamine 0 .2 0 .2 0 .2 0 .4 0 .4 0 .2 0 .2 0 .1 -
P yridox ine - - - - - 0 .2 0 .2 0 .5 0 .5
N ic o tin ic  ac id - - - - - 0 .2 0 .2 2 .0 2 .0
L -g ly c in e - - - - - 0 .2 0 .2 2 .0 2 .0
C i t r i c  ac id - - - - - - - 150.0 150.0
B io tin - - - - - - - - 0.0$
F o lic  ac id ■- - - - - - - - 0.5
Each o f  th e  tre a tm e n ts  was made in  two s e ts  each w ith  
s ix te e n  r e p l i c a t io n s .  One s e t  was kep t in  t o t a l  d arkness throughout 
th e  experim ent and th e  o th e r  was kep t under 75O-85O fo o t-c a n d le s  o f  
l i g h t ,  on a 12-hour pho toperiod  d a ily .
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P la te  1. I l l u s t r a t i o n  to  d is t in g u is h  th e  d if fe re n c e  between bu lb  
s e c t io n s  and sca le -s te rn  f ra c t io n s  o f A m ary llis .
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P la te  2. The f r u i t  j a r  used in  th e  s tu d ie s  o f s a tu ra te d  atm osphere 
p ro p ag a tio n  o f A m aryllis sc a le -s te m  f ra c tio n s .
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P la te  5 . The d e s ic c a to r  j a r  used to  p ro p ag ate  th e  sc a le -:  
f o r  h i s to lo g ic a l  s tu d ie s .
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RESULTS AND DISCUSSION 
P ropagation  in  s a tu ra te d  atm osphere .
Data in  T ables I  and I I  i l l u s t r a t e  th e  f e a s i b i l i t y  o f  u s in g  
s a tu ra te d  atm osphere f o r  th e  p ro p ag a tio n  o f  A m ary llis  s c a le -s te m  
f r a c t io n s .  Under 12-hour photoperiods, b u lb le t s  began to  appear on 
th e  f ra c t io n s  a f t e r  th re e  weeks m a  s a tu ra te d  atm osphere. By th e  
f i f t h  week 51-T p e r c e n t of th e  f ra c t io n s  were w ith  b u lb le t s .  The 
b u lb le ts  f i r s t  appeared as w hite  p ro tu b eran ces  a t  th e  a x i l  o f the  
s c a le  leav es  b u t tu rn ed  g reen  as the  s iz e  in c re a se d . G enera lly  
each f r a c t io n  had only  a s in g le  b u lb le t  b u t f r a c t io n s  w ith  two or 
even th re e  b u lb le ts  were a ls o  found.
S ca le-s tem  f ra c t io n s  in  f r u i t  j a r s  k e p t in  th e  dark  d id  
n o t s t a r t  p roducing b u lb le ts  u n t i l  th e  seven th  week. Only a few 
f r a c t io n s  had b u lb le t s .  By th e  e ig h th  week 21 .7  per cen t o f  th e  
f r a c t io n s  had b u lb le t s .  The b u lb le ts  were e lo n g a ted  and e t i o l a t e d .
The fo rm ation  o f ro o ts  by th e  f r a c t io n s  fo llow ed th e  same 
p a t te rn  as th o se  of b u lb l e t  fo rm atio n . F ra c tio n s  in  f r u i t  j a r s  kep t 
in  12-hour photoperiodsbegan to  produce ro o ts  by the  t h i r d  week. 
F ra c tio n s  in  f r u i t  j a r s  k ep t in  th e  dark  d id  n o t produce ro o ts  u n t i l  
th e  seventh  week. The number o f f ra c t io n s  w ith  ro o ts  w a s  sm all in  
bo th  l ig h t  reg im es. By th e  e ig h th  week th e  maximum mean p ercen tag es  
o f f ra c t io n s  w ith  ro o ts  were 21.7 in  th e  12-hour p ho toperiod  and
6.7  in  th e  dark .
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Table I I .  Response o f A m ary llis  g h .le o p o ld a e o id e s , cv. 'Wedding B e l ls ' S ca le -stem  
F ra c tio n s  Propagated  in  S a tu ra ted  Atmosphere Under Two L ig h t Regimes.^
12-Hour P ho toperiods Darkness
Date
Mean p e r cen t f ra c tio n s ^ Mean per cen t f ra c t io n s ^
w ith
b u lb le ts decayed
w ith
b u lb le ts decayed
8 / 22/70 0 a® 0 a^ 0 a^ 0 a^ 0 a^ 6 .7
8 / 29/70 0 a 0 a 6 .7  ab 0 a 0 a 20 .0  b
9 / 5/70 6 .7  a 1 .7  ab 15.0  b 0 a 0 a 5 8 .5  c
9 / 12/70 5 8 .5  b 1 5.5  ab 1 6.7  b 0 a 0 a 51.7  d
9 / 19/70 51 .7  c 2 1.7  b 16.7  b 0 a 0 a 56.7  d
9 / 26/70 5 1.7  c 2 1.7  b 1 6.7  b 0 a 0 a 63.5  de
10/ 5/70 5 1 .7  c 21.7  b 16.7  b 16.7  b 5 .5  a 63 .3  de
10/ 10/70 5 1.7  c 2 1 .7  b 1 6 .7  b 25.0  b 6 .7  a 7 5 .0  e
1 Experim ent s ta r te d  8 / I 5/ 7O.
2 Average of th re e  r e p l ic a t io n s  w ith  tw enty f r a c t io n s  p e r r e p l i c a t io n .
5 Means in  th e  same column follow ed by th e  same l e t t e r s  do n o t d i f f e r  s ig n i f ic a n t ly  a t  th e  f iv e  
p e r c en t l e v e l .
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The p ro p ag a tio n  o f sc a le -s te m  f ra c tio n s  in  sa tu ra te d  
atm osphere d id  not r e s u l t  i n  much decay when th e  f r u i t  j a r s  were 
kep t i n  12-hour p h o to p erio d s. Decayed f ra c t io n s  were f i r s t  found 
on th e  second week and th e  amount rep re se n te d  o n ly  6 .7  p e r  ce n t o f 
f r a c t io n s  in  th e  f r u i t  j a r s .  By th e  fo u rth  week th e  mean p ercen tag e  
o f  decayed f ra c t io n s  in c re a se d  to  16.7  hu t no more decay was observed 
d u rin g  th e  r e s t  o f  th e  experim en ta l p e rio d . Decay was caused m ainly 
by fu n g i,  p r im a ri ly  by P é n ic i l l iu m  and Rhizopus sp e c ie s  which were 
recogn ized  by e x te rn a l  appearance. G enera lly  th e  s c a le  l e a f  p o r tio n  
o f  th e  f r a c t io n  was more s u s c e p t ib le  to  decay than  th e  b a sa l p la te  
p o r tio n .
The occurrence  o f  decay was g re a t  among th e  f ra c t io n s  in  
th e  f r u i t  j a r s  k ep t in  th e  d a rk . Decayed f r a c t io n s  were found in  
th e  f r u i t  j a r s  throughout th e  experim ent and th e  amount in creased  
s ig n i f ic a n t ly  w ith  tim e. By th e  e ig h th  week, 75 p e r  c en t o f  th e  
f r a c t io n s  in  th e  dark  were decayed.
T w enty-three p e r  ce n t o f  th e  f r a c t io n s  in  f r u i t  j a r s  
in  12-hour p h o toperiods d id  no t produce any ro o ts  o r  b u lb le ts  and had 
no s ig n  o f decay. The only  n o t ic e a b le  change was th e  development o f  
red  pigment on th e  in ju re d  su rfa c e  and th e  convex su rfa c e s  o f  th e  
s c a le  leav es  tu rn in g  g reen . One p o ss ib le  e x p lan a tio n  could be 
t h a t  th e s e  f ra c t io n s  were c u t  from dormant b u lb s . S everal re p o r ts  
a re  a v a ila b le  on th e  in flu e n c e  o f  th e  tim e o f  th e  y e a r,  when th e  
c u tta g e  i s  made, on th e  su ccess  o f  c u tta g e  p ro p ag a tio n  (4$ , 58 , 86, 
106, 107) .  S ince s iz e  was th e  only  c r i t e r io n  used to  s e le c t  bulbs
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f o r  th e  s tu d ie s ,  la rg e  b u t young b u lbs m ight be in c lu d e d . I t  has 
been re p o r te d  t h a t  young sc a le s  do n o t produce b u lb le ts  r e a d i ly  
( 86, 108).
P ropagation  in  s a tu ra te d  atm osphere i s  s im ila r  to  m is t 
p ro p ag a tio n  in  th a t  in  bo th  methods t r a n s p ir a t io n  i s  reduced , 
tu r g id i ty  o f c e l l s  i s  m ain tained  and a t  th e  same tim e p h o to sy n th es is  
i s  allow ed to  tak e  p lac e . In  m is t p ro p ag a tio n  th e  r a te  o f  t r a n s p i r a ­
t io n  i s  reduced by in c re a s in g  the  r e l a t i v e  hum idity  around th e  p la n t  
t i s s u e  and reducing  th e  tem p era tu re  o f the  t i s s u e  by d e p o s it in g  a 
f ilm  o f w ater on th e  su rfa c e  (5^)s as w e ll as by e v ap o ra tiv e  co o lin g . 
T ra n sp ira t io n  i s  reduced in  th e  s a tu ra te d  atm osphere method by th e  
dynamic eq u ilib riu m  m ain tain ed  between th e  m o istu re  in  th e  j a r ' s  
atm osphere w ith  th e  w ater a t  the  bottom  o f the  j a r .  T his eq u ilib riu m  
i s  s e n s i t iv e  to  tem p era tu re . Any change in  tem pera tu re  in s id e  th e  
j a r  w i l l  change th is  e q u ilib riu m  f i r s t  b e fo re  i t  changes th e  vapor 
p re s su re  in s id e  th e  p la n t  t i s s u e .  As a r e s u l t ,  th e  vapor p re s su re  
in s id e  th e  j a r  i s  always g r e a te r  th an  the  vapor p re s su re  in s id e  th e  
p la n t  t i s s u e .  T ra n sp ira t io n  w i l l  thus be reduced i f  n o t stopped .
S a tu ra ted  atm osphere p ro p ag a tio n  has se v e ra l  advantages 
over m is t system . The method i s  s im p le r: i t  r e q u ire s  no n o z z le s , 
p ip es , tim ing  system  or even ro o tin g  m edia. I n  m is t system s th e  
f ilm  o f w ater on p la n t  t i s s u e  su rfa c e s  was re p o r te d  to  induce th e  
leach in g  o f p la n t  n u t r i e n ts  ( l 4 ) . T his problem  i s  n o t encountered  
in  s a tu ra te d  atm osphere p ro p ag a tio n . The low tem p era tu re  o f  th e  
ro o tin g  meditim under c o n s ta n t m is t was re p o r te d  to  i n h ib i t  th e  r a t e
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o f  ro o t  fo rm ation  ( 4 0 ) . In  s a tu ra te d  atm osphere p ro p ag a tio n , both  
th e  stem as w ell as th e  s c a le  p o r tio n  o f th e  f ra c t io n s  a re  exposed 
to  th e  same tem p era tu re .
The b e n e f ic ia l  e f f e c ts  o f  l ig h t  observed in  th e  s tu d ie s  
m ight p a r t l y  be a t t r ib u t e d  to  p h o to sy n th e s is , which occurred  a f t e r  
th e  convex s id e  o f  th e  s c a le s  became c h lo ro p h y llo u s . P h o to sy n th e s is  
n o t only  p ro v id es  p la n t  n u t r ie n ts  n ecessa ry  fo r  th e  fo rm ation  o f 
ro o ts  and b u lb le ts  b u t a ls o  p re c u rso rs  o f c e r t a in  growth re g u la to r s  
re q u ire d  fo r  growth and developm ent.
Heide (55) rep o r ted  th a t  s p e c i f ic  p h o toperiod  re a c tio n s  
were invo lved  in  th e  c o n tro l  o f  re g e n e ra tio n  o f  buds and ro o ts  in  
l e a f  c u tt in g s  o f  C hristm as Begonia. Short days (8 to  10 hours) 
c le a r ly  enhanced bud fo rm ation  o f l e a f  c u tt in g s  r e g a rd le s s  o f d a ily  
l ig h t  energy . In  m ost cases sh o rt days a lso  suppressed  ro o t 
fo rm ation .
The o ccurrence  o f  l e s s  decay among th e  f r a c t io n s  p ropagated  
in  th e  l ig h t  could be due to  f a s t e r  s u b e r iz a t io n  o f  th e  in ju re d  
su rfa c e s  on the  f r a c t i o n .  F ra c tio n s  took  lo n g er to  h ea l wounds in  
th e  dark  and were more s u s c e p tib le  to  decay organism s.
Comparison o f  s a tu ra te d  atm osphere p ro p ag a tio n  w ith  p ro p ag a tio n  in  
sand and v e rm ic u l i te .
The com parison between th e  sa tu ra te d  atm osphere method and 
th e  use o f  sand and v e rm ic u li te  in  th e  p ro p ag a tio n  o f A m aryllis 
sc a le -s te m  f r a c tio n s  i s  shown in  T ables I I I ,  IV, and V. The use o f  
sand and s a tu ra te d  atm osphere produced s im ila r  r e s u l t s .  In  both
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Table V. The Occurrence o f  Decay When A m ary llis  gh. le o p o ld a e o id e s , cv. ‘Wedding B e l ls ' S cale-stern  
F ra c t io n s  Propagated  in  S a tu ra ted  Atmosphere, Sand and V e rm ic u lite .^
Mean p e r cen t f ra c t io n s  decayed^
P ro p ag atio n
Methods 2/ 17/71 2/ 2V 7 I 5 / V 7I 5/ 11/71 5/ 18/71 5/ 25/71  4 / 2/71 4/ 9/71 4/ 16/71 4 / 26/71
S a tu ra ted
atm osphere 5.0  a^ 10.0  a® 20 .0  a ° 21 .7  a® 21.7  a® 21 .7  a® 25.5  a® 2 5 .5  a^ ^ 51.7  a '
Sand 6 .7  a 8 .5  a 15 .$  a 15.0  a 18.5  a 1 8.5  a 18.5  a 18 .5  a 21.7  a 2 1 .7  a
V erm icu lite 8 .5  a 15.0  a 16.7  a 16.7  a 20.0 a 20 .0  a 20 .0  a 20 .0  a 20 .0  a 20 .0  a
1 Experim ent s ta r te d  2/5/71»
2 Average o f th re e  r e p l ic a t io n s  w ith  tw enty f r a c t io n s  p e r r e p l i c a t io n .
5 Means o f th e  same column follow ed by th e  same l e t t e r  do not d i f f e r  s ig n i f ic a n t ly  a t  th e  f iv e  
p e r cen t l e v e l .
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methods bulblets were visible by the beginning of the fourth week. 
There was a small but steady increase in the percentage of fractions 
with bulblets in the sand throughout the experiment. By the end of 
the twelfth week 6I .T  per cent of the fractions had bulblets. In 
the saturated atmosphere method the percentage of fractions with 
bulblets continued to increase until the ninth week when it reached 
a maximum, which was 60 per cent. During most of the time a slightly 
larger number of fractions produced bulblets in saturated atmosphere 
than in sand but the difference was not significant. The slight 
decline in the percentage of fractions with bulblets during the last 
two weeks of the experiment was due to the decay of a few bulblets.
Scale-stem fractions rooted better in sand than either in 
saturated atmosphere or vermiculite. Roots began to appear at the 
same time on fractions propagated in both sand and saturated 
atmosphere but the increase in the percentage of rooted fractions 
propagated in sand was significantly higher than those in saturated 
atmosphere or vermiculite. There was no significant difference in 
the rooting of fractions propagated in saturated atmosphere and 
vermiculite. The fluctuation in the percentage of rooted fractions 
in the saturated atmosphere was due to the development of short-lived 
rudimentary roots on some fractions. Rudimentary roots were only 
found on fractions propagated in saturated atmosphere.
There were no significant differences in the number of 
decayed fractions in the three months of propagation. The high 
percentage of decay in all three methods could be due to the size of
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th e  f r a c t io n s .  According to  Traub (IO5 ) ,  th e  occurrence  o f  decay 
i s  g re a t  among sm all f r a c t io n s .
This s tudy  in d ic a te d  th a t  v e rm ic u li te  i s  a poor medium fo r  
th e  p ro p ag a tio n  o f  A m ary llis  s c a le -s te m  f r a c t io n s .  V erm icu lite  was 
a ls o  rep o rted  to  be u n s u ita b le  fo r  th e  s c a le  p ro p ag a tio n  o f  l i l i e s  
( 45) .  Under m is t ,  v e rm ic u li te  could be used fo r  s e v e ra l  types o f  
c u tt in g s  ( t 4 ) . I n  the  absence o f  m is t v e rm ic u li te  i s  too porous to  
be a s u i ta b le  medium. According to  Evan ( l4 )  v e rm ic u li te  
d e te r io r a te s  w ith  u se , owing to  th e  c o lla p s e  o f  th e  m icaceous p l a t e s ,  
lea d in g  to  packing  and d e fe c t iv e  a e ra t io n .
E f fe c ts  o f  growth re g u la to r s  and a fu n g ic id e  on sc a le -s te m  f ra c t io n s  
propagated  in  s a tu ra te d  atm osphere .
The use  o f s e v e ra l growth re g u la to r s  and a fu n g ic id e , s in g ly  
o r i n  co m bina tions, did not in c re a se  th e  b u lb le t  fo rm ation  on sc a le -  
stem  f ra c t io n s  propagated  in  sa tu ra te d  atm osphere. Data from Table VI 
show th a t  a f t e r  I 8 days in  s a tu ra te d  atm osphere, th e re  were no 
d i f fe re n c e s  in  th e  p ercen tag es  o f  the  f r a c t io n s  producing b u lb le ts  
among th e  u n tre a te d  f ra c t io n s  and th e  f ra c t io n s  t re a te d  w ith  E th re l 
and k in e t in .  S ig n if ic a n t ly  g re a te r  p e rcen tag e  o f f r a c t io n s  produced 
b u lb le ts  when t re a te d  w ith  k in e t in  than  th o se  t re a te d  w ith  lAA, 
g ib b e r e l l i c  a c id , Morsodren and th e  com binations o f  lAA and M orsodren, 
and lAA and k in e t in .  As th e  experim ent p ro g ressed  th e  mean p e r­
cen tages in cre a se d  b u t th e  g en e ra l p a tte rn  remained th e  same w ith  th e  
e x cep tio n  o f  f ra c t io n s  tre a te d  w ith  lAA p lu s  k in e t in .  I n  t h is
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Table  VI. The E f fe c ts  o f  Growth R eg u la to rs  and 
A F ung icide on th e  Form ation o f  B u lb le ts  on 
A m ary llis  g h .le o p o ld a e o id e s , cv . 'Wedding 
B e l l s ' S ca le -s tem  F ra c tio n  Propagated  
in  S a tu ra ted  Atmosphere.
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T reatm ents^
5/11/71
p e r cen t^
5/ 51/71
p e r  cen t^
6/ 7/71
p er cen t^
C ontro l 2 1 .8  bc^ 60.9  c^ 70 .3  d
lAA 80 mg/1 6 .3  ab 37.5  b 43 .7  b
K in e tin  80 mg/1 62.5  c 62.5  c
E th re l 230 mg/1 21.8  be 62.5  c
G ib b e re l lic  a c id  
20 mg/1 3 .1  a 0 a 3 .1  a
M orsodren 1.55 m l/1 0 a 0 a 0 a
Morsodren I .55  m l/1 
p lu s  LAA 80 mg/1 0 a 1 .6  a 1 .6  a
LAA 80 mg/1 p lu s  
K in e tin  80 mg/1 1 .6  a 14.1 a 3 & ^ b
1 Means in  th e  same column follow ed by th e  same l e t t e r  do not 
d i f f e r  s ig n i f ic a n t ly  a t  th e  f iv e  p e r c e n t l e v e l .
2 Average o f  fo u r r e p l ic a t io n s  w ith  s ix te e n  f r a c t io n s  per 
r e p l i c a t io n .
3 Treatm ent ap p lie d  on 4 /2 3 /7 1 .
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5^t rea tm en t f ra c t io n s  w ith  b u lb le ts  in c re a se d  s ig n i f ic a n t ly  by June J,
1971.
R ooting was poor in  tre a te d  as w e ll as u n tre a te d  f ra c t io n s  
(T able V II) .  By th e  end o f th e  experim ent th e  f r a c t io n s  t re a te d  w ith  
I M  had th e  h ig h e s t  mean percen tage  o f  ro o ted  f rac tio n sw h ich  was 2$ .4  
p er c e n t.  There were no d i ffe re n c e s  in  ro o tin g  between f ra c t io n s  
t re a te d  w ith  lAA and th o se  t re a te d  w ith  k in e t in .  A ll th e  o th e r  
t re a tm e n ts ,  in c lu d in g  th e  u n tre a te d  f r a c t i o n s ,  had s ig n i f ic a n t ly  
fewer f ra c t io n s  w ith  ro o ts .
F ra c tio n s  tre a te d  w ith  th e  fu n g ic id e  M orsodren d id  no t form 
ro o ts  o r  b u lb le t s .  A fte r  $8 days in  s a tu ra te d  atm osphere, a l l  th e  
f r a c t io n s  were dead (Table V II I ) .  No fung i were seen  on the  
f r a c t io n s  bu t th e  f ra c t io n s  were b lac k  and w atery . The m oist 
atm osphere in s id e  th e  f r u i t  j a r s  p reven ted  th e  f ra c t io n s  from d ry ing  
up. One p o s s ib le  e x p lan a tio n  could be t h a t  th e  c o n c e n tra tio n  o f  th e  
fu n g ic id e  was too h ig h . Even though the  recommended c o n c en tra tio n  
was u sed , th e  recommendation was fo r  whole bulbsand n o t fo r  bulb  
p ie c e s . I t  i s  a lso  p o s s ib le  th a t  th e  m oist c o n d itio n  in s id e  th e  f r u i t  
j a r s  could have a s y n e rg is tic  e f f e c t  on th e  a c tiv e  in g re d ie n t  o f  the  
fu n g ic id e . The a c tiv e  in g re d ie n ts  o f  some fu n g ic id esa re  known to  have 
p h y to to x ic  e f f e c t  on c e r ta in  p la n t s .  Two c lo s e ly  r e la te d  m ercuric  
compounds (Semesan and Ceresan) u su a lly  used as d i s in f e c ta n ts  were 
rep o r ted  to  be d e tr im e n ta l to  th e  ro o tin g  o f some p la n ts  (95)• 
M urakishi and Hendrix ( 65) rep o rted  th a t  s e v e ra l commercial fu n g ic id es  
co n ta in in g  heavy m eta ls  (Cuprocide, t r i b a s i c  copper s u l f a te ,  C eresan , 
Phygon, D ithane and Semesan) caused such in ju r y  to  c a rn a tio n  c u tt in g s
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Table V II . E f fe c ts  o f  Growth R eg u la to rs  and a Fungicide 
on Root Form ation o f  A m ary llis  gh. leo p o ld a e o id e s , cv. 
'Wedding B e l ls ' S ca le -stem  F ra c tio n s  P ropagated 
in  S a tu ra ted  Atmosphere.
Treatments®
5/11/71
p e r cen t^
5/ 31/71
p e r  cen t^
6/ 7/71
p e r  cent®
Contro l 14.1 c l 6 .3  ab^ 3.1
IAÂ 80 mg/1 9 .4  be 10.9  b 23 .4  c
K in e tin  80 mg/1 10.9  c 10 .9  b 20.3  c
E th re l  250 mg/1 10.9  c 10.9  b 6 .3  ab
G ib b e re llic  ac id  
20 mg/1 0 a 0 a 1 .6  a
M orsodren I .55 m l/1 0 a 0 a 0 a
M orsodren 1.55 m l/1 
p lu s  lAA 80 mg/1 1 .6  a 1 .6  a 0 a
lAA 80 mg/1 p lu s  
K in e tin  80 mg/1 6 .3  ab 21 .9  c 10.9  b
1 Means in  th e  same column follow ed by th e  same l e t t e r  do not 
d i f f e r  s ig n i f ic a n t ly  a t  th e  f iv e  p e r c en t l e v e l .
2 Average o f  fo u r  r e p l ic a t io n s  w ith  s ix te e n  f ra c t io n s  per 
r e p l i c a t io n .
5 Treatm ent a p p lie d  on 4 /2 3 /7 1 .
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Table V III .  The P e rcen tag es  o f  S ca le-s tem  F ra c tio n s  th a t  
Decayed when Propagated  in  S a tu ra ted  Atmosphere 
Follow ing Treatm ent w ith  S ev era l Growth 
R eg u la to rs  and a F ung ic ide .
hj
Treatments®
5/11/71
p e r cen t^
5/ 31/71
p e r  cen t^
6/ 7/71
per cen t^
Contro l 6 .5 6 .5  a i 6 .5  a^
lAA 80 mg/1 10.9  a 12.5  a 12.5  ab
K in e tin  80 mg/1 7 .8  a 9 .4  a 12.5  ab
E th re l 250 mg/1 6 .5  a 6 .5  a 6 .5  a
G ib b e re l lic  ac id  
20 mg/1 26 .6  a 2 6 .6  a 29 .7  b
M orsodren 1.55 m l/ l 76 .6  b 100.0  c 100.0  c
lAA 80 mg/1 p lu s  
M orsodren 1.55 m l/ l 26 .6  a 59A  b 100.0  c
lAA 80 mg/1 p lus 
K in e tin  80 mg/1 18.8  a 25 .0  a 26 .6  ab
1 Means in  th e  same column follow ed by th e  same l e t t e r  do n o t 
d i f f e r  s ig n i f ic a n t ly  a t  th e  f iv e  p e r c en t l e v e l .
2 Average o f  fo u r r e p l ic a t io n s  w ith  s ix te e n  f ra c t io n s  p e r 
r e p l ic a t io n .
5 Treatm ent a p p lied  on h/2J)/'fl.
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t h a t  th e re  were no s u rv iv a l.  The method o f  fu n g ic id e  a p p lic a t io n  
has a ls o  an e f f e c t .  M ercuric c h lo r id e  when a p p lie d  to  onion bu lbs 
as a dip was found to  be v e ry  p h y to to x ic  (95 )-
The a d d it io n  o f lAA to  M orsodren reduced th e  harm ful 
e f f e c t  o f th e  fu n g ic id e . The f ra c t io n s  remained a l iv e  fo r  over a 
month and a  few even produced ro o ts  and b u lb le t s .
Even though E th re l  d id  not produce any s ig n i f ic a n t  in c re a se  
in  p e rcen tag e  o f ro o ted  sc a le -s te m  f r a c t io n s ,  i t  was observed th a t  
t h i s  chem ical had a tendency to  induce th e  fo rm ation  o f  m u lt ip le  
b u lb le t s .  According to  Amchem re p o r ts  ( l )  th e  a p p lic a t io n  o f 
E th re l  to  o a ts  in c re a se d  t i l l e r i n g  and th e  same chem ical in c re a se d  
th e  number o f  s id e  branches in  a z a le a s ,  c a rn a tio n s , and chrysan­
themums .
The in h ib i t in g  e f f e c ts  o f  lAA in  t h i s  s tudy  are  c o n tra ry  
to  e a r l i e r  r e p o r t s .  Traub (10%) in d ic a te d  th a t  th e  a p p lic a t io n  o f 
100 mg/1 o f LAA in c re a se d  th e  p e rcen tag e  o f ro o ted  f r a c t io n s .
However, F u jio k a  (1%) rep o r ted  th a t  t r e a t i n g  A m ary llis  s c a le s  
propagated  in  sand w ith  200 mg/1 o f  NAA suppressed  bud fo rm atio n . I t  
could  be t h a t  the  a d d it io n  o f lAA re s u l te d  in  a v e ry  h igh  co n cen tra ­
t io n  o f au x in  in  th e  p la n t  t i s s u e .  The h igh  aux in  c o n ten t may in h ib i t  
b u lb le t  fo rm ation  in  th e  same way th e  te rm in a l bud i n h ib i t s  th e  
growth o f a x i l l a r y  buds. The h igh  p e rcen tag e  o f  f ra c t io n s  t h a t  d id  
n o t produce any ro o ts  o r b u lb le ts  a t  th e  end o f th e  experim ent d e s p ite  
t h e i r  good e x te rn a l  appearance, provided  some support to  t h i s  th eo ry . 
These f ra c t io n s  could be co n sid ered  to  be dormant.
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G ib b e re l lic  a c id  s ig n i f ic a n t ly  in h ib i te d  th e  ro o tin g  o f 
sc a le -s te rn  f r a c t io n s  p ropagated  in  s a tu ra te d  atm osphere. S im ila r  
r e s u l t s  were o b ta in e d  w ith  l i l y  s c a le s  p ropagated  in  s o i l  m ix tu res  
(45 ) and m is t-p ro p a g a te d  softwood c u tt in g s  ( I 5 ) .
H is to lo g ic a l  S tu d ie s .
Anatomy o f s c a le -s te m  f r a c t io n s . M icroscopic s tu d ie s  of 
bo th  th e  lo n g itu d in a l  and c ro s s - s e c t io n s  o f  the  bulb  o f  A m aryllis  gh. 
leo p o ld aeo id es  rev e a led  th a t  th e  stem  (b a s a l  p la te )  i s  made up of the  
ep id e rm is , th e  c o r te x , and th e  c e n tr a l  c y c lin d e r  ( s t e l e )  ( P la te  4 ) .
The epiderm is i s  a s in g le  la y e r  and i s  composed o f  th in  w alled  c e l l s .  
S u ccessive s c a le  bases  touch each o th e r  form ing a reg io n  o f th e  stem 
th a t  i s  w ith o u t an ep iderm is o f i t s  own.
The c o rte x  and the  c e n tr a l  c y lin d e r  a re  w e ll d e fin ed  and 
a re  s im ila r  to  th o se  found in  g a r l i c  stems (A llium  sa tivum ) ( 60 ) .
In  f re s h  s e c t io n s ,  th e  c o rte x  appears as a w hite  t ra n s lu c e n t  reg io n  
and th e  c e n tr a l  c y lin d e r  i s  u s u a lly  l i g h t  yellow  in  c o lo r .  The 
c o rte x  i s  f u r th e r  d is t in g u is h e d  by th e  absence o f  v a sc u la r  bundles
excep t fo r  l e a f  and ro o t  t ra c e s  which c ro ss  i t .
The c e n tr a l  c y lin d e r  i s  a complex netw ork o f v a s c u la r  
bund les, r a th e r  open n ear the  stem  apex b u t q u ite  dense n ea r i t s  w ell
d e fin ed  l a t e r a l  su rfa c e  w ith  a few s tra n d s  in  th e  c e n te r .  There i s
no reg io n  in  th e  c e n tr a l  c y lin d e r  s u f f i c i e n t ly  f re e  o f v a s c u la r  t is s u e  
to  be term ed p i th .  Hoffman (44) re p o r te d  th e  e x is te n c e  o f  p i th  in  
the  stem o f onion  (A llium  cepa) . However, he used  young se ed lin g s
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P la te  h.  Cross s e c t io n  of a r a d ia l  s e c to r  o f th e  b a sa l  p la te  of 
A m aryllis gh. leo p o ld aeo id es , cv . 'Wedding B e lls ' . 
e = ep iderm is c = co rte x  s = c e n tr a l  c y lin d e r  b = 
boundary la y e r  r  = developing  ro o ts
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fo r  h i s  s tu d ie s .  I t  i s  p o s s ib le  t h a t  th e  v a s c u la r  system  was n o t 
f u l l y  developed in  such stems to  produce v a sc u la r  t i s s u e  in  th e  
c e n te r  o f  th e  stem.
The d i s t in c t io n  between th e  c o rte x  and th e  s t e l e  i s  l o s t  
a t  th e  stem t i p .  The reg io n  im m ediately below and around th e  stem 
apex i s  made up o f uniform  parenchyma t i s s u e  and numerous procam bial 
s tra n d s  which l a t e r  develop in to  l e a f  t r a c e s  and v a s c u la r  t i s s u e  o f 
th e  c e n tr a l  c y lin d e r .
The boundary between th e  c e n tr a l  c y lin d e r  and th e  c o rte x  
i s  marked by a la y e r  s e v e ra l c e l l s  th ic k .  This la y e r ,  c o n s is t in g  
o f  m er is te m a tic  t i s s u e  i n  th e  younger and v a s c u la r  t i s s u e  in  the  
o ld e r  p o r tio n s  o f  the  stem , i s  in te r ru p te d  by openings where l e a f  
t r a c e  bundles a re  found. A boundary reg io n  s im ila r  to  t h i s  has been 
re p o r te d  in  g a r l i c  (A llium  sativum ) , (60) and p in eap p le  (Ananas 
comosus) ( 55) .  According to  Mann ( 60) ,  th e  boundary la y e r  o f  g a r l ic  
(A llium  sativum ) ,  even though i t  i s  m e r is te m a tic , c o n tr ib u te s  l i t t l e  
to  t o t a l  stem growth. However, th e  o u te r  c e l l s  o f  th e  la y e r  develop 
in to  th e  stem epiderm is which becomes con tinuous w ith  a l l  th e  ro o t 
endodermal l a y e r s .
The s c a le  leav es  c o n s is t  o f  th e  o u te r  and in n e r  ep iderm is 
w ith  ground t is s u e  in  betw een. The ground t i s s u e  i s  m ain ly  composed 
o f  parenchyma c e l l s .  In  a t ra n s v e rs e  s e c t io n  o f a s c a le  l e a f ,  th e  
l e a f  t ra c e s  appear in  a row w ith in  th e  parenchyma t is s u e .  These a re  
th e  c o n tin u a tio n  o f  th o se  found in  the  le a v e s . However, th e  r ib s  o f 
c e l l s  w ith  la rg e  a i r  spaces found in  betw een th e  l e a f  t ra c e s  o f  th e  
t ru e  leav es  a re  absen t in  th e  s c a le  le a v e s . The s c a le  leav es
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u s u a lly  do not co n ta in  c h lo ro p h y ll;  however, on exposure to  l ig h t  th e  
subepiderm al la y e rs  beneath  th e  o u te r  ep iderm is w i l l  tu rn  
ch lo ro p h y llo u s .
C e lls  o f  bo th  th e  b a sa l p la te  and th e  s c a le  lea v e s  were 
found to  co n ta in  s ta r c h  g ran u le s . These g ran u les  appear to  be evenly  
d i s t r ib u te d  among th e  c e l l s .  The s iz e  o f  th e  g ran u les  averages 
from 90 to  115 m icrons . Granules as sm all as $0 m icrons and as la rg e  
as 150 m icrons were a ls o  found. The shape o f  th e  g ran u les  ranges 
from round to  e l l i p t i c a l .  Most o f  th e  g ran u les  have a s in g le  hilum  
which i s  in  th e  c e n te r  o f  th e  g ran u le . However, g ran u les  w ith  double 
hilum s were a ls o  found.
C ry s ta l-c o n ta in in g  c e l l s  were found d i s t r ib u te d  in  both th e  
t i s s u e s  o f  th e  b a sa l p l a t e  as w e ll as th e  s c a le  le a v e s . These c e l l s  
a re  th in -w a lle d  and th e  c ry s ta ls  a re  m ain ly  i n  th e  form o f  rap h id e s . 
The ex act n a tu re  o f  th e  c ry s ta ls  was no t determ ined b u t i s  b e liev ed  
to  be calcium  o x y la te  because o f th e  type o f  c ry s ta ls  formed and th e  
f a c t  th a t  calcium  o x y la te  i s  th e  most common c r y s t a l  found in  p la n t  
t i s s u e  ( 13) .
The p resen ce  o f a x i l l a r y  buds has been re p o r ted  in  se v e ra l 
monocotyledons ( I 3 , 53, 89) .  In  A m ary llis  gh. leo p o ld a e o id e s , cv. 
'Wedding B e l ls ' no a x i l l a r y  bud was found. However, th e  epiderm al 
c e l l s  a t  th e  a x i l  o f  th e  s c a le  leav es  e x h ib i t  m eris te m a tic  p o te n t ia l  
(P la te  5) .  These c e l l s  a re  sm a ll, i s o d ia m e tr ic ,  w ith  la rg e  n u c le i ,  
th in -w a lle d , and w ithou t conspicuous v a c u o la t io n . I t  has been 
rep o r ted  t h a t  s e v e ra l monocotyledons w ith  f le s h y  leav es  have b a sa l 
m eristem s th a t  p e r s i s t  fo r  some tim e (1 2 , 78 ) .
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P la te  5- L on g itu d in a l s e c t io n  o f th e  s c a le  leaves a x i l  o f A m aryllis 
gh. leo p o ld aeo id es , cv. 'Wedding B e l ls ' showing th e  b a sa l  
m eristem  (b .m ).
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Wound h e a lin g . Follow ing th e  c u tt in g  o f  th e  bulb  in to  
s c a le -s te m  f r a c t io n s ,  th e  c u t su rfa c e s  o f  th e  f r a c t io n s  were covered 
by sap and d e b r is  from th e  cm shed  and broken c e l l s  t h a t  la y  in  th e  
p a th  o f th e  k n ife .  This g ra d u a lly  d r ie d  up , form ing a  th in  film  on 
th e  su rfa c e . This was fo llow ed in  th e  second o r  t h i r d  day by the  
developm ent o f  red  pigment in  th e  c e l l s  below th e  cu t su rfa c e . The 
p ig m en tatio n  p ro cess  p ro g ressed  slow ly  and took  two o r th re e  days 
b e fo re  th e  c u t  su rfa c e  became red  in  c o lo r .  A ccording to  R u th ru ff 
(85 ) ,  th e  pigment i s  a n o n - c r y s ta l l in e  s o lid .  The p resen ce  o f  oxygen 
and m o is tu re  a re  n ecessa ry  fo r  the  developm ent o f  th e  red  c o lo r , 
which w i l l  appear a f t e r  the  d ea th  o f  th e  c e l l .  S im ila r  red  pigmenta­
t io n  was re p o r te d  on in ju re d  su rfa c e s  o f  L ilium  s p . (2 4 ).
In  th e  b a sa l  p l a t e  p o r tio n  o f th e  s c a le -s te m  f r a c t io n ,  th e  
c e l l s  in  one o r more la y e rs  b eneath  th e  c u t su rfa c e  d iv id ed  in to  
se v e ra l  segments by w a lls  p a r a l l e l  to  th e  c u t su rfa c e  ( P la te  6).
These c e l l s  l a t e r  became su b e riz ed . S im ila r  developm ents have been 
observed on in ju re d  t i s s u e s  o f  a few o th e r  monocotyledons ( 26 , 78) .
In  some cases  th e  development o f  c a l lu s  t i s s u e  over th e  in ju re d  s u rfa c e  
on th e  b a s a l  p l a t e  p o r tio n  o f  th e  s c a le -s te m  f r a c t io n  was a ls o  observed. 
But u n lik e  L ilium  (2 4 ),  no b u lb le t s  were observed to  develop from th e  
c a l lu s  produced.
B u lb le t fo rm ation  on sc a le -s te m  f r a c t io n s . At th e  beginning  
o f  i n i t i a t i o n  o f bud prim ordium , th e  a x i l l a r y  ep iderm al c e l l s  in  
c lo s e  p ro x im ity  to  th e  in ju re d  su rfa c e  began to  d iv id e  ( P la te  7)- On 
th e  av e rag e , t h i s  occurred  a f t e r  two weeks in  a s a tu ra te d  atm osphere.
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P la te  6 . L o n g itu d in a l s e c t io n  o f th e  c u t su rfa c e  o f th e  b a s a l  p la te  
o f  th e  A m aryllis  gh. leo p o ld aeo id es , cv. 'Wedding B e l ls ' 
s c a le -s te m  f r a c t io n  showing th e  form ation  o f w a lls  (w) 
d u ring  th e  p ro cess  o f  wound h e a lin g .
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L o n g itu d in a l s e c t io n  o f th e  a x i l  o f th e  s c a le  leav es  o f th e  
A m ary llis  gh. leo p o ld a e o id e s , cv. ' Wedding B e l ls ' s c a le -s te m  
f r a c t io n  showing th e  epiderm al c e l l s  beginning  to  d iv id e , 
m = d iv id in g  ep iderm al c e l l s .
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Follow ing th i s ,  th e  subepiderm al c e l l s ,  nex t to  th e  d iv id in g  
epiderm al c e l l s ,  a ls o  became m eris te m a tic  ( P la te  8 ) .  As a r e s u l t  
o f the  a c tiv e  d iv is io n  by bo th  th e  ep iderm al and subepiderm al 
c e l l s ,  a p ro tuberance  began to  appear in  the  a x i l  o f the  sc a le s  
(P la te  9)* The reg io n  o f d iv id in g  c e l l s  ex tended up to  ten  c e l l  
lay e rs  o r  more in to  the  t i s s u e  b u t was g e n e ra l ly  confined  to  th e
s c a le  le a f  and was n o t observed in  th e  c o rte x  o f th e  b a sa l p la te .
G enera lly  th e  bud p rim ord ia  were i n i t i a t e d  on th e  in n e r  su rfa c e  of 
th e  o u te r  l e a f  p o r tio n  o f th e  p a i r  on th e  stem f r a c t io n .
In  th e  detached  s c a le  leaves o f  Haemanthus h i r s u tu s  ( 25) 
the  bud a ls o  developed on th e  younger p o r tio n  o f the  s c a le  toward 
th e  base and o r ig in a te d  from th e  t i s s u e  o f th e  s c a le  le a f  and n o t 
from th e  stem. However, in  c o n tr a s t  to  A m a ry llis , th e  Haemanthus 
bud i s  i n i t i a t e d  in  th e  hypoderma1 la y e rs  o f th e  detached  s c a le  
l e a f  b ase . In  f la x  ( Linum u s ita tis s im u m  L .)  (55) th e  hypocoty ledonary  
buds a re  s t r i c t l y  of ep iderm al o r ig in .  The epiderm al c e l l s  become 
m eristem a tic  and th e  bud primordium a r i s e s  from th i s  m eristem .
Once th e  p ro tu b eran ce  was produced, th e  tu n ic a  and corpus
of th e  b u lb le t  primordium could be d is t in g u is h e d  (P la te  9)* The
form er c o n s is ted  o f a s in g le  lay e r  o f  c e l l s  which d iv id ed  a n t i c l i n a l l y .  
The corpus and i t s  d e r iv a t iv e  made up th e  b u lk  o f  th e  primordium. The 
corpus c e l l s  d iv ided  p e r i c l i n a l l y .  On one s id e  o f th e  p ro tuberance  
was a sm all sh o u ld e r, r e p re s e n tin g  th e  f i r s t  f o l i a r  primordium. T his 
su b sequen tly  developed in to  th e  f i r s t  s c a le  l e a f  o f  th e  b u lb le t .  
G enera lly  th e  f i r s t  s c a le  l e a f  d i d  n o t have t ru e  l e a f  p a r t s .  The
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L o n g itu d in a l s e c t io n  o f the  a x i l  o f  th e  s c a le  leaves o f  th e  
A m aryllis gh. leo p o Id aeo id es . cv . 'Wedding B e l ls ' sc a le -s te m  
f ra c t io n  showing th e  ep iderm al and subepiderm al c e l l s  
becoming m eris te m a tic .
m .c. = d iv id in g  c e l l s  in  ep iderm al and subepiderm al la y e rs .
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L o n g itu d in a l s e c t io n  o f th e  b u lb le t  primordium a t  th e  a x il  
o f  th e  s c a le  leav es  o f th e  A m aryllis  gh. leo p o ld a e o id e s , cv. 
‘Wedding B e l ls ' s c a le -s te m  f ra c t io n ,  
t  = tu n ic a  c = corpus l .p .  = leaf-p rim ord ium
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subsequent development o f  th e  b u lb le t  follow ed the  g e n e ra l p a t te rn  
o f  th e  development o f  th e  a p ic a l  m eristem s o f m onocotyledons. By 
the  tim e th e  l a s t  sample was taken  th e  b u lb le t  had fo u r s c a le  leaves 
( P la te  10).
The development o f  th e  v a s c u la r  system  o f th e  b u lb le t  was 
r a p id . Procambium became d is t in g u is h a b le  s ix  days fo llo w in g  th e  
development o f th e  p ro tu b e ran ce . During th e  development o f  th e  f i r s t  
l e a f  prim ordium , procam bial s tra n d s  could be seen lead in g  in to  the  
le a f  primordium ( P la te  11). At l a t e r  s ta g e s  procam bial s tra n d s  were 
a lso  seen lead in g  in to  th e  v a s c u la r  system  o f th e  b a s a l  p l a t e .  The 
developm ent o f  the  v a s c u la r  system  o f th e  b u lb le t  i s  thus b a s ip e ta l .  
The procam bial s tra n d s  o f the  b u lb le t  were n o t connected d i r e c t l y  
to  the  v a sc u la r  system  o f th e  b a s a l  p la te .  The connecting  c e l l s  
d i f f e r e n t ia t e d  from parenchyma c e l l s  meandered in  the  c o rte x  b e fo re  
jo in in g  one o f the  many v a sc u la r  bundles o f the  b a sa l p l a t e .  Godden 
and Watson (24) re p o r te d  th a t  in  th re e  c u l t iv a r s  o f L ilium  hy b rid s  
v a scu la r  co nnections a ro se  a t  th e  o n se t o f b u lb le t  developm ent by 
d i f f e r e n t ia t io n  o f parenchyma o r  c a l lu s  c e l l s  ly in g  between the  
v a sc u la r  s tra n d s  of th e  sc a le  and the  b u lb le t  primordium. S im ila r  
v a sc u la r  connections were observed in  o th e r  m onocotyledons ( 26) and 
th e  a x i l l a r y  buds o f s e v e ra l  d ico ty led o n s  (1 $ ).
No ro o t  development took  p lace  in  th e  b u lb le t  d u ring  the  
p e rio d  o f s tu d y . Roots t h a t  were found, o r ig in a te d  in  th e  b a s a l  
p la te  o f  th e  sc a le -s te m  f r a c t io n .  As can be seen in  P la te  4 , the  
a d v e n ti tio u s  ro o ts  a re  i n i t i a t e d  from th e  endodermis found between
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P la te  10. L o n g itu d in a l s e c t io n  o f  the  b u lb le t  on the  A m aryllis gh.
leo n o Id aeo id es , cv. ' Wedding B e l ls ' sc a le -s te m  f ra c t io n  
a f t e r  t h i r t y - s ix  days.
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P la te  11. L o n g itu d in a l s e c t io n  o f th e  b u lb le t  showing procambium 
( p .c . )  and procam bial s tra n d  ( p . s . ) .
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th e  c o rte x  and the  v a sc u la r  c y lin d e r .  S im ila r  developm ent of 
a d v e n ti tio u s  ro o ts  w a s  rep o r ted  in  g a r l i c  (A llium  sa tiv u m ) .onion 
(A llium  cep a) , and p ineapp le  (Ananas comosus) (44 , 33, 6 0 ) . Heaton 
( 131) re p o r te d  th a t  th e  new b u lb le ts  on A m aryllis  sca le -s te rn  
f r a c t io n s  a re  supported  by the  ro o ts  from th e  stem  long b e fo re  any 
ro o ts  appear from th e  base o f the  newly formed b u lb le t s .  This was 
found to  be tru e  in  t h is  s tudy .
At the  end o f  th e  s tudy , th e  b a sa l p la te  (stem ) o f the  
young b u lb le t  formed on th e  sc a le -s te m  f r a c t io n ,  could n o t be 
d is t in g u is h e d .  I t  could be t h a t  th e  t i s s u e s  were n o t d i f f e r e n t ia t e d  
y e t .  A s im ila r  s i tu a t io n  could be found in  reg io n s  j u s t  behind the  
a p ic a l  m eristem  of a m ature bu lb . In  t h i s  reg io n  th e  c o rte x  could 
n o t be d is t in g u is h e d  from the  c e n tr a l  c y lin d e r .  However, when a 
f iv e  month o ld  b u lb le t  was s tu d ie d , th e  b a s a l  p la te  was c le a r ly  
d e fin ed  (P la te  12). In  f re sh  sections, th e  b a s a l  p la te  could  be 
id e n t i f i e d  by th e  p resence o f the  y e llow  co lo red  t i s s u e  o f  the  
c e n tr a l  c y lin d e r .
T issu e  C u ltu re
A ttem pts were made to  c u ltu re  t i s s u e  o f A m aryllis gh. 
leo p o ld a e o id e s , Traub, cv. 'Wedding B e l ls ' on f iv e  d i f f e r e n t  media 
th a t  had been used s u c c e s s fu lly  fo r  o th e r  p la n t  t i s s u e s .  The 
e v a lu a tio n  o f the  growth made by ex p la n ts  on th e  d i f f e r e n t  media i s  
p rese n ted  in  Table IX . The e v a lu a tio n  i s  based on a 0 to  5 p o in ts  
system . Five is  fo r  ex p lan ts  w ith c a l l u s ,  buds o r  ro o ts  and zero i s  
fo r  dead e x p la n ts .
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P la te  12. The lo n g itu d in a l  s e c t io n  o f a f iv e  month o ld  b u lb le t .  
c = c o rte x  s = c e n tr a l  c y lin d e r
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Table IX. V isu a l R a t in g ^ o f  th e  Growth o f  E xplants 
o f  A m ary llis  gh. leo p o ld aeo id es  cv. 'Wedding B e l ls ' 
in  F ive  D if fe re n t  Media on 12-Hour P h o to p e rio d s .
Mean Growth R ating^
F i r s t  Month Second Month
R e in e rt and Mohr 0 .8 3  be l 0.91  b^
Knudson 0 .17  ab 0 a
White 0 a 0 a
N itsch  and N itsch 1.00  c 1.00 b
L insm aier and Skoog 1.35  c & ^ 3 c
1 Means in  th e  same column follow ed by th e  same l e t t e r  do 
n o t d i f f e r  s ig n i f ic a n t ly  a t  th e  f iv e  p e r  cen t l e v e l .
2 Average o f tw elve f la s k s .
3 Based on 0-5 p o in ts  system . 0 = dead e x p la n ts ,  1 = 
e x p la n ts  l iv in g  b u t n o t growing, 2 = ex p la n ts  in c re a s in g  
in  s iz e ,  3 = ex p lan ts  b eg inn ing  to  produce c a l lu s ,  4 = 
ex p la n ts  w ith  some c a l lu s  o r w ith  rudim entary  buds o r 
r o o ts ,  5 = e x p la n ts  w ith  c a l l u s ,  buds, o r ro o ts .
4 L ig h t i n te n s i t y  o f  "J^ O-Q^ O fo o t-c a n d le s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
66
At th e  end o f  th e  f i r s t  month o f  growth, e x p la n ts  on 
th e  L insm aier and Skoog agar meditmi ( 56) had s ig n i f ic a n t ly  b e t t e r  
growth than  th o se  on media o f  Knudson (5 2 ), White (1 1 $ ), R e in e rt and 
Mohr ( 80) ,  and N itsch  and N itsc h  (75)• Most ex p lan ts  were a l iv e  and 
some had made some in c re a se  i n  s iz e .  Only one e x p lan t was dead
A ll ex p lan ts  c u ltu re d  on W hite’ s medium were dead. N inety 
p e r cen t o f  th e  e x p la n ts  on Knudson's meditnn were dead a f t e r  one month 
and a l l  were dead by th e  end o f  th e  second month, e i t h e r  tu rn in g  brown 
o r  d is in te g r a t in g  in  th e  medium.
A few e x p lan ts  showed s ig n s  o f  growth on R e in e rt and M ohr's 
medium b u t more dead e x p lan ts  were p re se n t than  on L insm aier and 
Skoog’ s medium. There was no s ig n i f ic a n t  d i f fe re n c e  between the 
growth in  R e in e rt and M ohr's and th a t  in  N itsch  and N i ts c h 's  medium. 
A ll th e  e x p la n ts  in  th e  l a t t e r  were a l iv e  b u t showed no s ig n s  of any 
growth. The on ly  change observed was th e  appearance o f  c h lo ro p h y ll 
in  th e  t i s s u e .  The development o f  c h lo ro p h y ll on c u ltu re d  t i s s u e  has 
been rep o r ted  (4 8 ). I t  i s  p o s s ib le  t h a t  th e  t i s s u e  used was p a r t  o f  a 
l e a f  primordiimi in  which case  the  ch lo ro p h y ll development i s  expected .
At th e  end o f  th e  second month growth o f ex p la n ts  on th e  
L insm aier and Skoog medium was s ig n i f ic a n t ly  s u p e rio r  to  t h a t  o f 
th o se  on th e  r e s t  o f  th e  media used. In  s e v e ra l o f  th e  f la s k s  the  
ex p la n ts  had sm all p l a n t l e t s  com plete w ith  ro o ts .  The low growth 
r a t i n g  was due to  d e a th  o f  s e v e ra l  e x p la n ts .  This r e s u l t  was s im ila r  
to  th o se  o b tain ed  by Skoog and Tsui (92) w ith  tobacco stem fragm ents. 
They re p o r ted  th a t  sm all fragm ents remained a l iv e  fo r  s e v e ra l months
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and o c c a s io n a lly  se v e ra l p iec e s  produced a sm all c a l l u s .  One o r 
two rudim entary  buds appeared a f t e r  e ig h t  months b u t i t  f a i l e d  to  
develop in to  sh o o ts .
No change could be seen in  e x p lan ts  in  th e  N itsc h  and 
N itsch*s medium a f t e r  two m onths. I t  i s  p o s s ib le  th a t  t h i s  medium, 
which i s  designed  fo r  a n th e r  c u l tu r e ,  could on ly  keep th e  t i s s u e  
a l iv e  b u t was n o t capab le  o f inducing  growth. N itsch  and N itsch*s 
medium con ta ined  le s s  than  h a l f  as much in o rg a n ic  s a l t s  as t h a t  o f 
L insm aier and Skoog. I t  i s  p o s s ib le  th a t  A m ary llis  has a v e ry  h igh  
in o rg a n ic  s a l t  requ irem en t fo r  growth.
Most e x p lan ts  in  th e  l iq u id  media (nam ely R e in e rt and 
M ohr's , Knudson*s, and W hite*s) were dead a t  the  end o f  th e  second 
m onth. A few rem ained a l iv e  in  R e in e rt and M ohr's medium. A 
p o s s ib le  e x p lan a tio n  o f the  f a i l u r e  o f  e x p lan ts  to  grow in  th e  l iq u id  
media i s  th a t  th e re  was i n s u f f ic i e n t  a e ra t io n .  The c u ltu r e  wheel on 
which the  tu b es  were k e p t,  was ro ta te d  once every  f iv e  m inu tes. 
R e in e rt and Mohr (80) ro ta te d  c u ltu re s  o f  C a ttle y a  once every  m inute 
th u s  a t  a f iv e  tim es f a s t e r  r a t e .  Those e x p la n ts  th a t  rem ained a l iv e  
in  th e  R e in e rt and Mohr medium were found to  be a tta c h ed  to  th e  w all 
o f  th e  c u ltu re  tube (P la te  I 5) , where th ey  were l i f te d -  out o f the  
medium d u ring  h a l f  th e  r e v o lu t io n ,  p ro v id in g  more a e ra t io n  th an  w ith  
ex p la n ts  which were com pletely  submerged. A m aryllis t i s s u e s  appear 
to  be v e ry  s e n s i t iv e  to  submerged c o n d it io n s .
The growth o f e x p la n ts  on m odified  L insm aier and Skoog*s 
medinm i s  g iven  on Tables X and XI. At th e  end o f  th e  f i r s t  month
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P la te  13. E xp ian ts o f  A m aryllis gh. leo p o ld aeo id es , cv- ’Wedding 
B e l ls ' t h a t  rem ained a l iv e  in  R e in e rt and M ohr's medium 
a f t e r  two months of growth in  12-hour p h o to p erio d s.
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Table X. V isu a l Ratings® o f  th e  Growth of E xp lan ts o f 
A m ary llis  g h .leo p o ld a e o id e s , cv. 'Wedding B e l ls ' 
A fte r  One Month o f  C u ltu re  on Nine M o d ifica tio n s  
o f  L insm aier and Skoog' s Medium in  Two L igh t Regimes.
L insm aier and Skoog's Mean Growth Rating®
M odified Medium
Photoperiods"^
Continuous
Darkness
Contro l 1.22  b^ 0 .67  bc^
1 0 .89  b 0 .56  b
2 1.00 b 0 .4 4  b
5 1.22 b 1.00 c
4 1.41 b 1.78  d
5 2.22  d
6 1.22  a 0.56  b
7 0 a 0 a
8 0 a 0 a
9 0 a 0 a
1 Means in  th e  same column fo llow ed by th e  same l e t t e r  do 
no t d i f f e r  s ig n i f ic a n t ly  a t  th e  f iv e  p e r cen t l e v e l .
2 Average o f  n in e  f la s k s .
3 Based on O-5  p o in ts  system . 0 = dead e x p la n ts , 1 = 
e x p lan ts  l iv in g  b u t n o t growing, 2 = ex p lan ts  in c re a s in g  
in  s iz e ,  3 = e x p lan ts  b eg inn ing  to  produce c a l lu s ,  4 = 
ex p la n ts  w ith  some c a l lu s  o r w ith  rudim entary  buds or 
ro o ts ,  5 = ex p lan ts  w ith  c a l l u s ,  buds, or ro o ts .
4 L ig h t i n te n s i t y  o f  75O-85O fo o t-c a n d le s .
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T able XI. V isu a l Ratings® o f  th e  Growth o f E x p lan ts o f  
A m ary llis  g h .le o p o ld a e o id es , cv . 'Wedding B e l ls ' 
“A f te r  Two Months o f  C u ltu re  on Nine M o d ifica tio n s  
o f  L insm aier and Skoog's Medium in  Two L igh t Regimes.
L in sm aier and Skoog's Mean Growth Rating®
M odified Medium
Photoperiods'^
Continuous
Darkness
Control 2 .4 4  c l 0.78  a b i
1 1 .35  b 1 .33  be
2 1.98  be 0 .56  ab
5 2.55  c 1 .89  c
4 2 .89  c 4 ^ ^
5 & .89C 3.01  d
6 2 .4 4  c 0 .67  ab
7 0 a 0 a
8 0 a 0 a
9 0 a 0 a
1 Means i n  th e  same column follow ed by th e  same l e t t e r  do 
n o t d i f f e r  s ig n i f ic a n t ly  a t  th e  f iv e  p e r  cen t l e v e l .
2 Average o f n in e  f la s k s .
3 Based on 0-5 p o in ts  system . 0 = dead e x p la n ts ,  1 = 
e x p la n ts  l iv in g  b u t n o t growing, 2 = ex p lan ts  in c re a s in g  
in  s iz e ,  3 = e x p la n ts  b eg inn ing  to  produce c a l lu s ,  4 = 
e x p la n ts  w ith  some c a l lu s  o r  w ith  rudim entary  buds o r 
r o o ts ,  5 = ex p lan ts  w ith  c a l l u s ,  buds, o r  ro o ts .
4 L ig h t in te n s i t y  o f  750-850 f o o t- c a n d le s .
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th e re  were no s ig n i f ic a n t  d i f fe re n c e s  in  th e  growth o f th e  ex p lan ts  
on th e  c o n tro l  medium and m odified media 1, 2,  4 , and 6 . A ll th e
e x p la n ts  were dead on m odified  media 7 , 8 , and 9* The b e s t  growth 
was o b ta in ed  on m odified medium 5* The ex p la n ts  had in c re a se d  in  
s iz e  and a th in  la y e r  o f c a l lu s ,  p e a rly  w hite  in  appearance, formed on 
th e  su rfa c e  of th e  ex p lan ts  n o t in  c o n ta c t w ith  th e  medium. The 
p o r tio n  o f  the  e x p lan t in  o r  in  c o n ta c t  w ith  th e  medium showed red d ish  
brown d is c o lo ra t io n .  The medium surrounding  th e  e x p lan t was s im ila r ly  
d isc o lo re d .
In  the  d ark , no s ig n i f ic a n t  d if f e re n c e  was observed between 
media 1, 2 , 6, and c o n tro l .  Even though th e  e x p la n ts  in  medium 3 had 
s ig n i f ic a n t ly  h ig h e r  r a t in g s  than  th o se  in  media 1, 2, 6 , and c o n tro l ,  
no a p p a ren t d i f fe re n c e  in  th e  growth was d e te c te d . The h ig h e r  r a t in g  
va lu e  fo r  medium 5 was due to  fewer dead e x p la n ts .  The b e s t  growth 
was o b ta in ed  on m odified  medium 5- The e x p lan ts  produced both  c a l lu s  
t i s s u e  and ro o ts .  The ro o ts  appeared as e a r ly  as th re e  weeks. Some 
ex p la n ts  in  medium k made s im ila r  growth b u t th e  r a t in g  was s ig n i f ic a n t ­
ly  lower than  th o se  on medixim 5* A ll  e x p lan ts  in  media J,  8 , and 9 
were dead.
One p o s s ib le  e x p la n a tio n  f o r  the  d ea th  of e x p lan ts  in  
media J,  8 , and 9 was t h a t  some o f th e  added components were e i th e r  
to x ic  to  A m ary llis  t is s u e  o r  p rese n t in  to x ic  c o n c e n tra t io n s . R iker 
and Gutsche (8 l)  rep o r ted  t h a t  h igh  c o n c en tra tio n s  o f s e v e ra l  amino- 
a c id s  a re  to x ic  to  sunflow er crown g a l l  t i s s u e .  S im ila r ly , L insm aier 
and Skoog ($6) rep o r ted  t h a t  r ib o f la v in  se v e re ly  in h ib i te d  growth o f
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tobacco c a llu s  t i s s u e  even a t  very  low c o n c en tra tio n s  and a t  2 .5  
m illig ram s per l i t e r  k i l l e d  a l l  the  t i s s u e s .  G au there t (21) c i t e d  
t h a t  d ipheny l a c e t ic  ac id  was a n a ta g o n is t ic  to  Je rusa lem  a rtic h o k e  
t i s s u e  (H elian th u s  tu b e ro su s) .  S im ila r  a n a ta g o n is t ic  e f f e c ts  could 
have occurred  in  th ese  m edia. Death o f t i s s u e  could n o t be a t t r ib u t e d  
to  lack  o f in o rg an ic  s a l t s  because th e re  was some growth in  th e  
c o n tro l  medium.
The d i f fe re n c e s  in  growth o f ex p la n ts  in  12-hour p h o toperiod  
on media 5 , h , 5 , 6 , and c o n tro l  were n o t s ig n i f ic a n t  a f t e r  two 
m onths. S ev e ra l e x p la n ts  in  th e  c o n tro l  medium and m odified  media 3 
and 6 had p l a n t l e t s  (P la te  ih , 15 and l 6 ) . The m a jo r ity  o f  e x p lan ts  
in  media 4 and 5 produced c a l lu s  t i s s u e  w hile  a few had bo th  c a l lu s  
t i s s u e  and ro o ts .  In  a l l  cases  the  amount o f c a l lu s  t i s s u e  was sm a ll. 
No s ig n i f ic a n t  d if f e re n c e  was observed in  th e  growth o f e x p la n ts  in  
media 1 and 2, b u t the  e x p la n ts  in  th ese  two media had s ig n i f ic a n t ly  
lower growth r a t in g s  than  th o se  in  media 3 , 5, 6 and c o n tro l .
E xp lan ts th a t  were k ep t in  continuous darkness d id  n o t have 
any p l a n t l e t s  a f t e r  two months. F o rty  p e r cen t o r  more o f th e  e x p la n ts  
on a l l  b u t media 4 and 5 were dead. The b e s t  growth was found in  
m odified  medium 4 , fo llow ed by th a t  in  medium 5- The e x p la n ts  on th ese  
media, however, produced m ainly ro o ts  and very  l i t t l e  c a l lu s  t i s s u e  
(P la te  i t ) ,  a few rudim entary  buds were a ls o  found on e x p la n ts  in  
media 4 and 5* M odified medium 4 produced s ig n i f ic a n t ly  more ro o ts  
th an  media 5 (P la te  18). The ro o ts  in  th e  f la s k s ’ atm osphere were 
la rg e  and covered w ith  ro o t  h a i r s .  No ro o t  h a i r s  were seen on ro o ts  
t h a t  grew in to  th e  medium.
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P la te  1^. Growth o f e x p lan ts  o f  A m ary llis  gh. leo p o ld aeo id es , cv.
‘Wedding B e l ls ' on th e  c o n tro l  (b a sa l)  medivim a f t e r  two 
months in  12-hour p h o to p erio d s .
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P la te  15 . Growth o f e x p lan ts  o f A m aryllis  gh. leo p o ld a e o id e s , cv.
'Wedding B e l ls ' on m odified L insm aier and Skoog medium 
number 3 a f t e r  two months in  12-hour p h o to p erio d s.
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P la te  l 6 . Growth o f e x p lan ts  o f  A m aryllis  gh. leo p o ld a e o id e s , cv.
’Wedding B e l ls ' on m odified  L insm aier and Skoog medium 
number 6 a f t e r  two months in  12- hour p h o to p erio d s.
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P la te  IT. E xp ian ts o f  A m ary llis  gh. leo p o ld aeo id es , cv. 'Wedding B e l ls ' 
grown on L insm aier and Skoog's m odified medium number 4 
a f t e r  two months o f d ark n ess .
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P la te  l8 . Comparison of th e  growth o f e x p la n ts  o f A m ary llis  gh.
leo p o ld aeo id es , cv. 'Wedding B e l ls ' on L insm aier and 
Skoog's m odified  medium number 4 , kep t under 12-hour 
p hotoperiods and continuous darkness fo r  two m onths.
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The com position  o f media 4 and 5 v a r ie d  only  in  lAA, which 
was t h i r t y  m illig ram s per l i t e r  in  medium 5 and f i f t e e n  m illig ram s 
p e r l i t e r  in  medium 4 . By normal s tan d a rd s  both  th ese  lAA co n cen tra ­
t io n s  a re  ex trem ely  h ig h . The normal co n c en tra tio n  o f auxin used in  
t i s s u e  c u ltu re  ranges from 0.1  to  1 m illig ram  p e r l i t e r  ( 2 2 , $6 , 8 0 ,
8 3 ) .  However, ex p la n ts  on medium 4 produced a la rg e  number o f  v igorous
r o o ts .  T h irty  m illig ram s p e r l i t e r  o f  IM  seemed to  r e ta rd  growth.
In  th e  c u ltu r e  of spruce tumor c e l l s  ( P icea a b ie s )^ lAA was re p o r ted
to  be le s s  e f f e c t iv e  as a growth prom oter than  MA and 2,4-D  ( 85) .  
G au th e re t (22) re p o r ted  t h a t  Je ru sa lem  a rtich o k e  t i s s u e  (H elian thus 
tu b e ro su s ) w i l l  n o t p r o l i f e r a te  in  th e  absence o f auxin  and 
rh iz o g e n ic  a c t i v i t y  i s  co n d itio n ed  by f iv e  l im it in g  f a c to r s ,  namely 
m in e ra l s a l t s ,  su g a r, auxin , tem p era tu re , and l ig h t .
This s tudy  in d ic a te s  t h a t  A m ary llis  t i s s u e  re q u ire s  a h igh  
c o n c en tra tio n  o f  in o rg a n ic  s a l t s  f o r  i t s  c u ltu re  in  v i t r o .  Good ro o t 
growth in  L insm aier and Skoog's medium 4 a lso  in d ic a te d  th a t  a 
r e l a t i v e ly  h igh  c o n c en tra tio n  o f lAA i s  re q u ire d . F u r th e r  s tu d ie s  
should be d i re c te d  to  the  s u b -c u ltu re  o f c a llu s  formed on the  e x p la n t. 
A v a ilab le  l i t e r a t u r e  in d ic a te  t h a t  g r e a te s t  c a l lu s  p ro d u ctio n  i s  
o b ta in ed  from su b c u ltu re  of co n d itio n ed  c a llu s  t i s s u e  ( 21 , 36 , 99)* 
A ccording to  Skoog and M ille r  ( 9I ) , r e g u la tio n  o f  growth and 
developm ent i s  th e  r e s u l t  o f q u a n t i t a t iv e  i n te r a c t io n  between auxin  
and c y to k in in  and between th e se  two su bstances and o th e r  f a c to rs .
Thus a ttem p ts  should a lso  be made to  determ ine th e  op tim al concen­
t r a t io n  of th ese  two growth r e g u la to r s  t h a t  i s  re q u ired  to  induce th e
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fo rm ation  of p l a n t l e t s  from c a llu s  t i s s u e .  This to g e th e r  w ith  
ra p id  p r o l i f a r a t i o n  o f c a l lu s  t i s s u e ,  could  prov ide a means o f 
rap id  in c re a se  o f A m ary llis  c lo n a l  m a te r ia l .  Such an a p p lic a t io n  
i s  used in  o rch id s  (64 , 80 , 88 ) .
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ST3MMARY AM) CONCLUSION
S cale-s tem  f ra c t io n s  o f  A m ary llis  gh. leo p o ld aeo id es , cv. 
’Wedding B e l ls ' can be p ropagated  w ith o u t th e  use  o f any m edia. 
Exposure o f  th e  f ra c t io n s  to  a s a tu ra te d  atm osphere in  a c losed  
c o n ta in e r  in  12-hour pho to p erio d s  r e s u l te d  in  th e  fo rm ation  of ro o ts  
o r  b u lb le ts  o r  bo th  a f t e r  th re e  weeks. By th e  f i f t h  week 51*7 per 
c en t o f the  f ra c t io n s  had produced b u lb le t s .  T w enty-three per cen t 
were i n ta c t  b u t had n o t produced ro o ts  o r  b u lb le t s  and I 6 .7  per c en t 
were decayed. When th e  c o n ta in e rs  were kep t i n  th e  dark  75 per ce n t 
o f th e  f ra c t io n s  were decayed and ro o ts  o r  b u lb le ts  appeared only 
a f t e r  s ix  weeks.
F ra c tio n s  in  s a tu ra te d  atm osphere formed more b u lb le ts  and 
showed e a r l i e r  b u lb le t  fo rm ation  than  th o se  in  v e rm ic u li te .  There 
was no d i f f e re n c e  between th o se  propagated  in  sand and sa tu ra te d  
atm osphere.
The a p p lic a tio n  of 80 mg/1 lAA, 80 mg/1 k in e t in ,  250 mg/1 
E th re l ,  20 mg/1 g ib b e r e l l i c  a c id , I .55  m l/1  M orsodren and the  
com binations o f lAA and M orsodren as w e ll as lAA and k in e t in  to  the  
sc a le -s te m  f ra c t io n s  had no b e n e f ic ia l  e f f e c t s .  The fu n g ic id e , 
M orsodren, was to x ic  to  th e  f ra c tio n s  in  th e  c o n c en tra tio n  used. 
G ib b e re l lic  a c id  in h ib i te d  both  b u lb le t  and ro o t  fo rm ation .
H is to lo g ic a l  s tu d ie s  o f th e  s c a le -s te m  f ra c tio n s  rev ea led  
th a t  the  b u lb le t  developed from b a sa l m eristem  a t  th e  a x i l  of th e  
s c a le  le a v e s . I n i t i a t i o n  o f c e l l  d iv is io n  was in  the  epiderm al c e l l s  
in  c lo se  p ro x im ity  to  th e  in ju re d  s u rfa c e  and sp read  to  th e
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subepiderm al la y e r s .  The m eristem a tic  a c t i v i t y  was n o t observed to  
ex tend  in to  the  c o rte x  o f th e  b a s a l  p l a t e .  G en e ra lly  th e  bud 
primordium was produced on th e  in n e r  su rfa c e  o f th e  o u te r  s c a le  o f 
th e  p a ir  on th e  f r a c t io n .  The v a sc u la r  system  o f the  b u lb le t  was 
connected to  th e  v a s c u la r  system  o f th e  b a sa l  p l a t e .  The v a scu la r  
c onnection  was e s ta b l is h e d  by d i f f e r e n t ia t io n  of th e  parenchyma c e l l s  
ly in g  in  betw een th e  two v a sc u la r  system s. Hie f i r s t  ro o ts  to  appear 
were formed on th e  p o r tio n  o f th e  b a s a l  p la te  o f th e  m other bulb  and 
were i n i t i a t e d  in  th e  boundary la y e r  s e p a ra tin g  th e  c o rte x  and th e  
c e n tr a l  c y lin d e r .  B asal p la te s  of th e  b u lb le ts  were formed a t  v a rio u s  
tim es b u t were u s u a lly  n o tic e a b le  to  th e  naked eye a f t e r  th re e  months 
b u t b e fo re  th e  f i f t h  month.
Of th e  f iv e  media used in  th e  t i s s u e  c u ltu re  s tu d ie s ,  th e  
L insm aier and Skoog medium gave th e  most prom ising r e s u l t s .  By th e  
end o f th e  second month e x p lan ts  on t h i s  medium formed bo th  p l a n t l e t s  
and c a l lu s  t i s s u e .  The q u a n ti ty  o f  c a l lu s  was sm all b u t would be 
s u f f i c i e n t  f o r  s u b c u ltu re . P l a n t l e ts  had lea v e s , a bu lb , and ro o ts .
M o d ifica tio n s  of th e  L insm aier and Skoog meditm in d ic a te d  
t h a t  a h ig h  le v e l  o f  auxin  i s  re q u ire d  fo r  good ro o t  growth o f 
A m aryllis e x p la n ts .  L insm aier and Skoog's b a sa l  medium p lu s  0 .2  mg/1 
k in e t in ,  0 .4  mg/1 th iam ine , 100 mg/1 m y o -in s ito l,  and 15 mg/1 lAA 
produced an abundance of ro o ts  and a l i t t l e  c a l lu s  t is s u e  on the  
e x p la n ts  t h a t  were in  d a rk n ess . In c re a s in g  th e  le v e l  o f  lAA to  50 mg/1 
reduced th e  amount o f ro o ts  formed. Under 12-hour photoperiods th e  
same medium a t  bo th  le v e ls  o f  lAA formed only a th in  la y e r  o f c a llu s  
on th e  e x p la n ts .
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These s tu d ie s  in d ic a te  t h a t  A m ary llis  t i s s u e  can be 
c u ltu red  in  v i t r o .  However, f u r th e r  s tu d ie s  a re  re q u ire d  b e fo re  th e  
technique could be p u t to  p r a c t ic a l  use .
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R e in er t and Mohr Medium ( 1967)
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C o n s titu e n t M illig ram s per l i t e r
(NH4)2S04 400 .0
Ca(N0 3 )2 *^H20 1 , 000.0
KCL 500.0
KH2PO4 250.0
MgSO^-THaO 400 .0
MnS0 4 *H20 7.5
H3BO3 0 .0 5
ZnS0 4 'TH20 0 .0 5
CuS04*5H20 0.001
Fe2 ( 504)3 10.67
EDTA (e th y le n e  diam ine t e t r a  
a c e t ic  ac id )
22.4
C i t r i c  ac id 150,1
Thiamine*HCl 0 .1
N ic o tin ic  Acid 0 .5
P y rid o x in e •HCL 2 .0
G lycine 2 .0
IBA ( in d o le -5 -b u ty r ic  ac id ) 1.75
NAA (n ap th a le n e  a c e t ic  ac id ) 1.75
Sucrose 2 0 , 0 0 0 .0
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Knudson's Medium ( I 925 )
C o n s titu e n t M illig ram s p e r l i t e r
Ca(No3 )2 *lfH£0 1 00 0 .0
MgSÜA-TEüC 2 5 0 .0
(NH4)2S04 5 0 0 .0
K2HPO4 2 5 0 .0
FeCgHsOy•5H2O 2 .0
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APPENDIX I I I
W h ite 's  Medium ( I 9 63 )
C o n s titu e n t M illig ram s p e r l i t e r
Ca(N03)2 100
KNO3 80
MgS04 35
KCl 65
KH2PO4 12.5
XI 0.75
MnSO^
FeaC804)3 2.5
ZnS04 1.5
H3BO3 1.6
Sucrose 20,000
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
99
APPENDIX IV
N its c h  and N its c h  Medium ( I 969)
C o n s titu e n t M illig ram s p e r l i t e r
NH4NO3 720
KNO3 950
MgSO^'THsO 185
CaCla 166
KBgPO* 68
MnSO^ -^^ HgO 25
H3PO3 10
NagMoO^•EHgO 0.25
CUSÜ4 -5H20 0 .0 2 5
ZnsSO^-THsO 10
M yo-Inosito l 100
G lycine 2
N ic o tin ic  Acid 5
P y rid o n in e •HCL 0.5
Thiamine*HCL 0 .5
F o lic  Acid 0.5
B io tin 0 .0 5
Sucrose 20,000
D ifco Bacto Agar 8,000
lAA 0 .1
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L in sm aier and Skoog Medium ( I965)
C o n stitu e n t M illig ram s p e r l i t e r
NH4NO3 1650
KNO3 1900
CaClg'SBgO 440
MgaS04*7H20 3T0
KH2PO4 170
NagEDIA
FeSO^'THgO 27.8
H3BO3 6-2
MnSO^-^HaO 22.3
ZnSO^'^HaO 8 .6
KL 0.83
NagMoO^. • EHgO 0.23
CuSO^'^HgO 0.023
CoCls'ÔHaO 0.023
Sucrose 30,000
Agar 10,000
^ -In d o le a c e tic  ac id 1 .0
K in e tin 0.10
Thiamine-SCI 0 .4
m y o -ln o s ito l 100.0
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